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VEHICLE ALTITUDE RESTRICTIONS AND
CONTROL

CROSS-REFERENC.

L1

This application 1s a continuation of U.S. application Ser.
No. 16/275,986, filed on Feb. 14, 2019, which 1s a continu-
ation of U.S. application Ser. No. 15/3353,228, filed on Nov.
16, 2016, now U.S. Pat. No. 10,216,197, which 1s a con-
tinuation of U.S. application Ser. No. 15/214,023, filed on
Jul. 19, 2016, now U.S. Pat. No. 9,501,060, which 1s a
continuation of International Application No. PCT/CN2014/
096056, filed on Dec. 31, 2014, the entire contents of all of

which are incorporated herein by reference.

BACKGROUND OF THE DISCLOSURE

Aerial vehicles such as unmanned aernal vehicles (UAVs)
can be used for performing surveillance, reconnaissance,
and exploration tasks for military and civilian applications.
Such vehicles may carry a payload configured to perform a
specific function.

The air trathic control of every country (for example 1n the
US, this 1s the FAA) has various regulations for airspace. For
example, UAVs may be prohibited from flying above certain
altitudes 1n certain jurisdictions. When a certain altitude 1s
exceeded, a UAV’s flight and safety/stability may be
aflected. If a remote controller fails, a UAV could continue
to fly upwards, which may be dangerous.

SUMMARY OF THE DISCLOSURE

In some instances, 1t may be desirable to impose height
restrictions or control thght of an aerial vehicle, such as an
unmanned aerial vehicle (UAV), for legal compliance,
enhanced user experience, and/or improved safety. How-
ever, some restrictions may be both over and under inclu-
sive. For example, the restriction may be set at a certain
altitude above a fixed level (e.g., sea level (MSL)) regardless
of the terrain. This may be applicable 1f using a global
positioning system (GPS) to measure altitude. In this case,
the UAV may be able to tly only a small distance above
ground level 1n a high altitude city (e.g. Denver) while 1t
may be able to fly a larger distance above ground level 1in a
low altitude city (e.g. Washington, D.C.). A relevant altitude
measurement for UAVs may be the measurement above a
ground level. In some jurisdictions (e.g., the U.S.), uncon-
trolled airspace 1n which UAV tlight may be allowed may be
measured from the ground up. Height restrictions that dis-
regard the ground level may further fail to take 1nto account
complex terrain or large altitude gradients 1n a flight loca-
tion. As a result of the failure to account for high altitude
ground levels, complex terrains, and large altitude gradients,
the UAV may encroach upon controlled airspace or fail to
reach an allowed height needed for activities such as sur-
veillance, reconnaissance, exploration, or aerial photogra-
phy. Thus, a need exists for improved and dynamic height
control for flight-restricted altitudes.

Systems and methods are provided for detecting and
responding to tlight-restricted altitudes. Relative altitudes of
a UAV may be determined. This may include calculating a
vertical distance between the UAV and the seal level (MSL)
or local ground level. The altitude of the UAV may be
compared to an altitude restriction. Based on the compari-
son, a tlight response of the UAV may be implemented, such
as allowing the UAV to ascend or descend, landing the UAV,
providing time to permit the UAV to comply with altitude
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2

restrictions, forcing the UAV to comply with altitude restric-
tions, and/or providing an alert or warning to the user.

Thus, 1n one aspect, a method for controlling movement
of an unmanned aerial vehicle (UAV) having one or more
propulsion units 1s provided. The method may comprise:
receiving, at one or more processors, one or more altitude
restrictions for the UAV, recerving, at the one or more
processors, elevation information for an area; modifying,
with aid of the one or more processors, the one or more
altitude restrictions based on the elevation information so as
to produce one or more modified altitude restrictions; and
outputting, from the one or more processors, control signals
to the one or more propulsion units to cause the UAV to
comply with the one or more modified altitude restrictions
while moving over the area.

In some embodiments, the one or more altitude restric-
tions comprise a maximum altitude limit. In some embodi-
ments, the maximum altitude limit 1s about 120 m above
ground level. In some embodiments, modifying the one or
more altitude restrictions comprises increasing or decreasing,
the maximum altitude limit based on the elevation informa-
tion. In some embodiments, the one or more altitude restric-
tions comprise a minimum altitude limit. In some embodi-
ments, the one or more altitude restrictions comprise an
allowable altitude range. In some embodiments, the one or
more altitude restrictions are preset prior to tlight of the
UAV. In some embodiments, the one or more altitude
restrictions are input by a user. In some embodiments, the
one or more altitude restrictions are stored in a memory
operably coupled to the one or more processors. In some
embodiments, the elevation information 1s indicative of
elevation of terrain in the area. In some embodiments, the
clevation imnformation 1s imndicative of height of one or more
manmade structures or natural structures in the area. In some
embodiments, receiving the elevation information com-
prises receiving a map of the area comprising the elevation
information. In some embodiments, the map 1s stored 1n a
memory operably coupled to the one or more processors. In
some embodiments, the map 1s received prior to flight of the
UAV. In some embodiments, the map 1s received during
flight of the UAV. In some embodiments, the method further
comprises: assessing a current location of the UAV; 1denti-
tying a location on the map corresponding to the current
location of the UAV; and using the map to obtain elevation
information for the location. In some embodiments, the
current location of the UAV 1s assessed using one or more
GPS sensors carried by the UAV. In some embodiments,
receiving the elevation information comprises receiving
sensor data indicative of the elevation information for the
area. In some embodiments, the sensor data 1s generated by
one or more sensors carried by the UAV and configured to
measure height above ground of the UAV. In some embodi-
ments, the one or more sensors comprise an ultrasonic
sensor, a synthetic aperture radar, a time of tlight camera, a
vision sensor, or a lidar sensor. In some embodiments, the
sensor data comprises a weighted average of height above
ground measurements for the UAV over a predetermined
time 1nterval. In some embodiments, the modifying step 1s
performed during operation of the UAV.

In another aspect, a system for controlling movement of
an unmanned aerial vehicle (UAV) 1s provided. The system
may comprise a vehicle body; one or more propulsion units
coupled to the vehicle body and adapted to effect movement
of the UAV; and one or more processors operably coupled to
the one or more propulsion units and 1ndividually or col-
lectively configured to: receive one or more altitude restric-
tions for the UAV; receive elevation information for an area;
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modily the one or more altitude restrictions based on the
clevation information so as to produce one or more modified
altitude restrictions; and output control signals to the one or
more propulsion units to cause the UAV to comply with the
one or more modified altitude restrictions while moving over
the area.

In some embodiments, the one or more altitude restric-
tions comprise a maximum altitude limait. In some embodi-
ments, the maximum altitude limit 1s about 120 m above
ground level. In some embodiments, the one or more pro-
cessors are configured to modily the one or more altitude
restrictions by increasing or decreasing the maximum alti-
tude limit based on the elevation information. In some
embodiments, the one or more altitude restrictions comprise
a minimum altitude limit. In some embodiments, the one or
more altitude restrictions comprise an allowable altitude
range. In some embodiments, the one or more altitude
restrictions are preset prior to tlight of the UAV. In some
embodiments, the one or more altitude restrictions are input
by a user. In some embodiments, the one or more altitude
restrictions are stored 1n a memory operably coupled to the
one or more processors. In some embodiments, the elevation
information 1s indicative of elevation of terrain 1n the area.
In some embodiments, the elevation information 1s indica-
tive of height of one or more manmade structures or natural
structures 1n the area. In some embodiments, the one or more
processors are configured to receive the elevation informa-
tion by receiving a map of the area comprising the elevation
information. In some embodiments, the map 1s stored 1n a
memory operably coupled to the one or more processors. In
some embodiments, the map 1s received prior to tlight of the
UAV. In some embodiments, the map 1s received during
flight of the UAV. In some embodiments, the one or more
processors are configured to: assess a current location of the
UAV; 1dentily a location on the map corresponding to the
current location of the UAV; and use the map to obtain
clevation information for the location. In some embodi-
ments, the current location of the UAV 1s assessed using one
or more GPS sensors carried by the UAV. In some embodi-
ments, the one or more processors are configured to receive
the elevation information by receiving sensor data indicative
of the elevation information for the area. In some embodi-
ments, the sensor data 1s generated by one or more sensors
carried by the UAV and configured to measure height above
ground of the UAV. In some embodiments, the one or more
sensors comprise an ultrasonic sensor, a synthetic aperture
radar, a time of flight camera, a vision sensor, or a lidar
sensor. In some embodiments, the sensor data comprises a
welghted average of height above ground measurements for
the UAV over a predetermined time interval. In some
embodiments, the one or more processors are configured to
modity the one or more altitude restrictions during operation
of the UAV.

In another aspect, a method for controlling movement of
an unmanned aerial vehicle (UAV) having one or more
propulsion units 1s provided. The method may comprise:
receiving, at one or more processors, one or more altitude
restrictions for the UAV; recerving, at the one or more
processors, map information for an area; moditying, with aid
of the one or more processors, the one or more altitude
restrictions based on the map information so as to produce
one or more modified altitude restrictions; and outputting,
from the one or more processors, control signals to the one
or more propulsion units to cause the UAV to comply with
the one or more modified altitude restrictions while moving,
over the area.
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In some embodiments, the one or more altitude restric-
tions comprise a maximum altitude limit. In some embodi-
ments, the maximum altitude limit 1s about 120 m above
ground level. In some embodiments, modifying the one or
more altitude restrictions comprises increasing or decreasing,
the maximum altitude limit based on the map information.
In some embodiments, the one or more altitude restrictions
comprise a mimmum altitude limit. In some embodiments,
the one or more altitude restrictions comprise an allowable
altitude range. In some embodiments, the one or more
altitude restrictions are preset prior to flight of the UAV. In
some embodiments, the one or more altitude restrictions are
iput by a user. In some embodiments, the one or more
altitude restrictions are stored in a memory operably coupled
to the one or more processors. In some embodiments, the
map information comprises elevation information for the
area. In some embodiments, the elevation information 1s
indicative of elevation of terrain in the area. In some
embodiments, the elevation information 1s indicative of
height of one or more manmade structures or natural struc-
tures 1n the area. In some embodiments, the map information
comprises locations of restricted airspaces. In some embodi-
ments, the restricted airspaces comprise one or more of an
airport, an urban area, a military installation, or an environ-
mental conservation area. In some embodiments, receiving
the map information comprises receiving a map of the area
comprising the map information. In some embodiments, the
map 1s a topographical map. In some embodiments, the map
1s stored 1n a memory operably coupled to the one or more
processors. In some embodiments, the map 1s received prior
to thght of the UAV. In some embodiments, the map 1s
received during tlight of the UAV. In some embodiments, the
method further comprises: assessing a current location of the
UAYV; identilying a location on the map corresponding to the
current location of the UAV; and using the map to obtain
map 1information for the location. In some embodiments, the
current location of the UAV 1s assessed using one or more
GPS sensors carried by the UAV. In some embodiments, the
moditying step 1s performed during operation of the UAV.

In another aspect, a system for controlling movement of
an unmanned aerial vehicle (UAV) 1s provided. The system
may comprise: a vehicle body; one or more propulsion units
coupled to the vehicle body and adapted to effect movement
of the UAV; and one or more processors operably coupled to
the one or more propulsion units and 1ndividually or col-
lectively configured to: receive one or more altitude restric-
tions for the UAV; receive map information for an area;
modily the one or more altitude restrictions based on the
map information so as to produce one or more modified
altitude restrictions; and output control signals to the one or
more propulsion units to cause the UAV to comply with the
one or more modified altitude restrictions while moving over
the area.

In some embodiments, the one or more altitude restric-
tions comprise a maximum altitude limit. In some embodi-
ments, the maximum altitude limit 1s about 120 m above
ground level. In some embodiments, the one or more pro-
cessors are configured to modily the one or more altitude
restrictions by increasing or decreasing the maximum alti-
tude limit based on the map imnformation. In some embodi-
ments, the one or more altitude restrictions comprise a
minimum altitude limit. In some embodiments, the one or
more altitude restrictions comprise an allowable altitude
range. In some embodiments, the one or more altitude
restrictions are preset prior to tlight of the UAV. In some
embodiments, the one or more altitude restrictions are mput
by a user. In some embodiments, the one or more altitude
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restrictions are stored 1n a memory operably coupled to the
one or more processors. In some embodiments, the map
information comprises elevation mformation for the area. In
some embodiments, the elevation information 1s indicative
of elevation of terrain 1n the area. In some embodiments, the
clevation imnformation 1s indicative of height of one or more
manmade structures or natural structures in the area. In some
embodiments, the map information comprises locations of
restricted airspaces. In some embodiments, the restricted
airspaces comprise one or more of an airport, an urban area,
a military installation, or an environmental conservation
area. In some embodiments, the one or more processors are
configured to receive the map information by receiving a
map of the area comprising the map information. In some
embodiments, the map 1s a topographical map. In some
embodiments, the map 1s stored 1n a memory operably
coupled to the one or more processors. In some embodi-
ments, the map 1s received prior to flight of the UAV. In
some embodiments, the map 1s recerved during tlight of the
UAYV. In some embodiments, the one or more processors are
configured to: assess a current location of the UAV; 1dentily
a location on the map corresponding to the current location
of the UAV; and use the map to obtain map information for
the location. In some embodiments, the current location of
the UAV 1s assessed using one or more GPS sensors carried
by the UAV. In some embodiments, the one or more pro-
cessors are configured to modily the one or more altitude
restrictions during operation of the UAV.

In another aspect, a method for controlling movement of
an unmanned aerial vehicle (UAV) having one or more
propulsion units 1s provided. The method may comprise: (a)
outputting, from one or more processors, control signals to
the one or more propulsion units to cause UAV to operate
according to a first set of altitude restrictions, wherein the
first set of altitude restrictions constrain altitude of the UAV
relative to a first reference altitude; (b) assessing, with aid of
the one or more processors and based on one or more
criteria, whether the UAV should operate according to a
second set of altitude restrictions; and (¢) outputting, from
the one or more processors, control signals to the one or
more propulsion units to cause the UAV to operate according,
to the second set of altitude restrictions 1 the one or more
criteria are fulfilled according to the assessment of (b),
wherein the second set of altitude restrictions constrain
altitude of the UAV relative to a second reference altitude.

In some embodiments, the first reference altitude 1s alti-
tude at sea level and wherein the second reference altitude
1s altitude at ground level at a current location of the UAV.
In some embodiments, at least one of the first or second set
of altitude restrictions comprises a maximum altitude limat.
In some embodiments, the maximum altitude limit 1s about
120 m above the first or second reference altitude. In some
embodiments, at least one of the first or second set of altitude
restrictions comprises a mimmum altitude limit. In some
embodiments, at least one of the first or second set of altitude
restrictions comprises an allowable altitude range. In some
embodiments, at least one of the first or second set of altitude
restrictions are preset prior to tlight of the UAV. In some
embodiments, at least one of the first or second set of altitude
restrictions are input by a user. In some embodiments, at
least one of the first or second set of altitude restrictions are
stored 1n a memory operably coupled to the one or more
processors. In some embodiments, the one or more criteria
comprise whether a current flight time of the UAV has
exceeded a predetermined flight time threshold. In some
embodiments, the predetermined flight time threshold 1is
about 10 seconds. In some embodiments, the one or more
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criteria comprise whether a current altitude of the UAV has
exceeded a predetermined altitude threshold. In some
embodiments, the predetermined altitude threshold 1s about
100 m above ground level. In some embodiments, the one or
more criteria comprise whether a current altitude of the UAV
1s greater than an altitude of an 1nitial location of the UAV.
In some embodiments, the one or more criteria comprise
whether the UAV 1s not currently within a restricted air-
space. In some embodiments, the one or more criteria
comprise whether the second set of altitude restrictions are
not currently prohibited by a controller for the UAV. In some
embodiments, the controller 1s located onboard the UAV. In
some embodiments, the controller 1s a remote control device
in communication with the UAV. In some embodiments, the
one or more criteria are preset prior to flight of the UAV. In
some embodiments, the one or more criternia are mput by a
user. In some embodiments, the one or more criteria are
stored 1n a memory operably coupled to the one or more
Processors.

In another aspect, a system for controlling movement of
an unmanned aerial vehicle (UAV) 1s provided. The system
may comprise: a vehicle body; one or more propulsion units
coupled to the vehicle body and adapted to effect movement
of the UAV; and one or more processors operably coupled to
the one or more propulsion units and 1ndividually or col-
lectively configured to: (a) output signals to the one or more
propulsion units to cause the UAV to operate according to a
first set of altitude restrictions, wherein the first set of
altitude restrictions constrain altitude of the UAV relative to
a lirst reference altitude; (b) assess, based on one or more
criteria, whether the UAV should operate according to a
second set of altitude restrictions; and (¢) output signals to
the one or more propulsion units to cause the UAV to operate
according to the second set of altitude restrictions if the one
or more criteria are fulfilled according to the assessment of
(b), wherein the second set of altitude restrictions constrain
altitude of the UAV relative to a second reference altitude.

In some embodiments, the first reference altitude 1s alti-
tude at sea level and wherein the second reference altitude
1s altitude at ground level at a current location of the UAV.
In some embodiments, at least one of the first or second set
of altitude restrictions comprises a maximum altitude limiat.
In some embodiments, the maximum altitude limit 1s about
120 m above the first or second reference altitude. In some
embodiments, at least one of the first or second set of altitude
restrictions comprises a mimmum altitude limit. In some
embodiments, at least one of the first or second set of altitude
restrictions comprises an allowable altitude range. In some
embodiments, at least one of the first or second set of altitude
restrictions are preset prior to tlight of the UAV. In some
embodiments, at least one of the first or second set of altitude
restrictions are input by a user. In some embodiments, at
least one of the first or second set of altitude restrictions are
stored 1n a memory operably coupled to the one or more
processors. In some embodiments, the one or more criteria
comprise whether a current flight time of the UAV has
exceeded a predetermined ftlight time threshold. In some
embodiments, the predetermined tlight time threshold 1is
about 10 seconds. In some embodiments, the one or more
criteria comprise whether a current altitude of the UAV has
exceeded a predetermined altitude threshold. In some
embodiments, the predetermined altitude threshold 1s about
100 m above ground level. In some embodiments, the one or
more criteria comprise whether a current altitude of the UAV
1s greater than an altitude of an 1nitial location of the UAV.
In some embodiments, the one or more criteria comprise
whether the UAV 1s not currently within a restricted air-




US 11,687,098 B2

7

space. In some embodiments, the one or more criteria
comprise whether the second set of altitude restrictions are
not currently prohibited by a controller for the UAV. In some
embodiments, the controller 1s located onboard the UAV. In
some embodiments, the controller 1s a remote control device
in communication with the UAV. In some embodiments, the
one or more criteria are preset prior to tlight of the UAV. In
some embodiments, the one or more criternia are mput by a
user. In some embodiments, the one or more criteria are
stored 1n a memory operably coupled to the one or more
Processors.

Other objects and features of the present disclosure will
become apparent by a review of the specification, claims,
and appended figures.

INCORPORAITION BY REFERENCE

All publications, patents, and patent applications men-
tioned 1n this specification are herein incorporated by ref-
erence to the same extent as 11 each individual publication,
patent, or patent application was specifically and individu-
ally indicated to be incorporated by reference.

BRIEF DESCRIPTION OF THE DRAWINGS

The novel features of the invention are set forth with
particularity in the appended claims. A better understanding
of the features and advantages of the present disclosure will
be obtained by reference to the following detailed descrip-
tion that sets forth illustrative embodiments, in which the
principles of the disclosure are utilized, and the accompa-
nying drawings ol which:

FIG. 1 provides an illustration of a UAV flying over a
ground subject to an altitude restriction, 1n accordance with
embodiments.

FIG. 2 provides an illustration of a UAV dynamically
processing altitude measurements which are compared to a
maximum altitude restriction, in accordance with embodi-
ments.

FIG. 3 provides an illustration of a UAV dynamically
processing an altitude restriction which 1s compared to an
altitude measurement of the UAV, in accordance with
embodiments.

FI1G. 4 1llustrates a method for controlling movement of
an unmanned aerial vehicle (UAV) having one or more
propulsion units, 1n accordance with embodiments.

FIG. 5 1llustrates a method for controlling movement of
an unmanned aerial vehicle (UAV) having one or more
propulsion units, 1n accordance with embodiments.

FIG. 6 1llustrates a method for comparing absolute alti-
tude measurements of the UAV with one or more altitude
restrictions, in accordance with embodiments.

FIG. 7 illustrates a method for controlling movement of
an unmanned aerial vehicle (UAV) having one or more
propulsion units, 1n accordance with embodiments.

FIG. 8 provides a schematic illustration of an unmanned
aerial vehicle 1n communication with an external device, in
accordance with an embodiment of the disclosure.

FIG. 9 provides an example of an unmanned aenal vehicle
using a global positioning system (GPS) to determine the
location of the unmanned aerial vehicle, 1n accordance with
an embodiment of the disclosure.

FIG. 10 illustrates a method for comparing one or more
dynamically modified altitude restrictions with an altitude
measurement of the UAV, 1in accordance with an embodi-
ment of the disclosure.

10

15

20

25

30

35

40

45

50

55

60

65

8

FIG. 11 1llustrates a method for comparing a dynamically
modified altitude measurement of the UAV with one or more

altitude restrictions, 1n accordance with an embodiment of
the disclosure.

FIG. 12 provides an example of unmanned aerial vehicle
with an on-board memory unit, 1n accordance with an aspect
of the disclosure.

FI1G. 13 illustrates an unmanned aerial vehicle, 1n accor-
dance with an embodiment of the disclosure.

FIG. 14 1llustrates a movable object including a carrier
and a payload, 1n accordance with an embodiment of the
disclosure.

FIG. 15 1s a schematic illustration by way of block
diagram of a system for controlling a movable object, 1n
accordance with an embodiment of the disclosure.

FIG. 16 illustrates a method for comparing altitude mea-
surements of a UAV with one or more altitude restrictions,
1n accordance with an embodiment of the disclosure.

FIG. 17 1llustrates a modified altitude restriction that takes
into account only elevation of terrain above a MSL, 1n
accordance with an embodiment of the disclosure.

(L]

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

The systems, devices, and methods of the present disclo-
sure provide control for an aerial vehicle in response to one
or more detected flight-restricted altitudes. The aerial
vehicle may be an unmanned aerial vehicle (UAV), or any
other type ol movable object.

It may be desirable to provide one or more flight restric-
tion, such as an altitude restriction for an aerial vehicle, such
as a UAV. When an altitude 1s exceeded, the UAV’s flight
and safety/stability may be affected or compromised. In
another example, if a UAV’s remote controller were to fail,
the UAV may continue to fly upwards, which can be
dangerous. Thus, a flight ceiling may be an advantageous
feature to have for a UAV.

The aerial vehicle may be subject to various regulations
for amrspace. For example, in the U.S., there may be
restricted altitudes 1n which unauthorized vehicles may not
fly. This may include unauthorized UAVs or all UAVs.
Flight-restricted altitudes may vary from jurisdiction to
jurisdiction. Examples of jurisdictions may include, but are
not limited to continents, unions, countries, states/provinces,
counties, cities, towns, private property or land, or other
types of jurisdictions. Therefore, providing altitude restric-
tions on the UAV may ensure that UAVs are 1n compliance
with the regulations of differing jurisdictions.

Altitude restrictions on the UAV may provide additional
benelits such as added safety and/or reducing the potential
for nuisance-like activity. For example, by limiting the
maximum altitude UAVs can navigate in, potential for UAV
collision with other aerial vehicles may decrease. Addition-
ally, minimum altitude restrictions imposed on UAVs may
decrease the chances of UAVs colliding with obstacles,
buildings, terrain, and/or people and reduce the potential for
nuisance like activity by the UAV (e.g., noise or disturbance
due to the UAV).

Providing an option for an altitude restriction may endow
benelits to the operator of the UAV. For example, a UAV
operator may be more comiortable with operating a UAV
with altitude restrictions 1f having the altitude restrictions
reduces the chances of collision with other aerial vehicles or
objects. A UAV operator may be more comiortable with
operating a UAV with altitude restrictions if having the
altitude restrictions reduce the chances of UAVs being lost,
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damaged, and/or damaging others’ properties. A UAV opera-
tor may be more comifortable with operating a UAV 1f
having the altitude restrictions increase the chance that
UAVs are 1mn compliance with regulations of the differing
jurisdictions. A UAV operator may derive greater enjoyment
or utility with operating a UAV with altitude restrictions 1f
the altitude restrictions simplily the control process (e.g., by
increasing the probability that the UAV remains 1n control-
lable range at all times).

Providing altitude restrictions on the UAV may be desir-
able for UAV manufacturers. For example, by ensuring legal
compliance, potential law suits may be reduced. By provid-
ing additional sateguards for the UAV operator, customer
complaint may be reduced. Therefore, a need exists to
provide an altitude restriction function to UAVs.

However, some restrictions may be both over and under
inclusive. For example, the restriction may be set at a certain
altitude above a fixed level (e.g., MSL) regardless of the
terrain. This may be applicable 11 using a global positioming,
system (GPS) to measure altitude. In this case, the UAV may
be able to fly only a small distance above ground level 1n a
high altitude city (e.g. Denver) while it may be able to fly a
larger distance above ground level in a low altitude city (e.g.
Washington, D.C.).

A relevant altitude measurement for UAVs may be the
measurement above a ground level. In some jurisdictions
(e.g., the U.S.), uncontrolled airspace in which UAV flight
may be allowed may be measured from the ground up.
Height restrictions that disregard the ground level may
turther fail to take into account complex terrain or large
altitude gradients in a flight location. As a result of the
failure to account for high altitude ground levels, complex
terrains, and large altitude gradients, the UAV may encroach
upon controlled airspace or fail to reach an allowed height
needed for activities such as surveillance, reconnaissance,
exploration, or aerial photography. Thus, a need exists for
improved and dynamic height control for flight-restricted
altitudes.

Additionally, 1t can be advantageous to 1mplement
dynamic altitude restrictions based on the height of objects
present 1n the terrain (e.g., manmade structures such as
buildings; natural structures such as trees or other plants) in
order to allow the UAV to tly at a sufliciently high altitude
in order to avoid safety incidents such as collisions with the
objects. This can be beneficial when operating in regions
where tall structures are present (e.g., urban areas with
skyscrapers, forested areas with extremely tall trees, etc.).
Moreover, the adjustment of altitude restrictions as
described herein can be beneficial for improving other types
of UAV operations, such as aerial photography.

Systems and methods described herein may account for
the underlying ground level and/or terrain. Thus, systems
and methods provided herein may permit a varying altitude
ceiling when the altitude restrictions depend on the ground
level. The systems and methods provided herein may also
account for different flight altitude restrictions which may be
based on the MSL or the ground level. The systems and
methods described herein may also control flight of the UAV
to maintain the UAV within a permitted altitude range.

Although restrictions mvolving altitude have been dis-
cussed primarily herein, it shall be understood that the
restrictions on UAV operations may include that of position
(e.g., latitude, longitude, altitude), onentation (e.g., roll,
pitch yaw), velocity (e.g., translational and/or angular),
and/or acceleration (e.g., translational and/or angular). The
different restrictions may provide different benefits to the
operation of the UAV. For example, restrictions on the
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position may prevent UAV incursions into restricted air-
spaces, prevent the UAV from flying too far from a starting
point, or only permit the UAV to fly within a confined space.
Restriction on the orientation may prevent the UAV from
assuming unstable orientations that would result 1n the loss
of control and/or tlight ability. Restrictions on the accelera-
tion or velocity may also prevent the UAV from assuming
unstable movements that would result 1n the loss of control
and/or tlight ability.

FIG. 1 illustrates a UAV 102 flying over a ground 104
subject to an altitude restriction 106, in accordance with
embodiments. Although various embodiments herein are
described with respect to operation of UAV's over ground, 1t
shall be understood that the present disclosure can also be
applied to operation of UAVs over all types of terrain and
surfaces (e.g., water, mountain, dessert, plain, plateaus,
mungles, and artificial). The UAV can be controlled to fly
within various altitudes. Altitude may be used herein to refer
to the vertical distance between the UAV and a reference
point or level. Examples of reference levels include ground
level, sea level (1.e., mean sea level), average terrain level,
geold level, and the like. Ground level may indicate an
underlying surface of the earth. The surface of an object
grounded in the floor may be ground level. In some
examples, a surface of an asphalt road may be ground level,
a top of a building may be ground level, a surface of a big
boulder on top of a mountain range may be ground level.
Optionally, ground level may refer to any underlying surface
beneath a UAV. Alternatively, ground level may refer to
major terrain contours without including small deviations
from the terrain. For example, ground level may refer to the
underlying earth, mountains, hills, valleys, without includ-
ing manmade buildings or structures, or smaller naturally
occurring features (e.g., trees, boulders, bushes). For
example, 1n a city, the streets may be considered to be at
ground level while the buildings are not. Ground level may
refer to a local ground level of an area that the UAV 1s 1n.
The local ground level may be a ground surface at a point
which the UAV 1s directly above. FIG. 1 shows a ground
level 104 that 1s uniform around a local ground level 107.
“Absolute altitude” 108 may be used herein to refer to the
vertical distance between the UAV and the local ground
level. “True altitude” 110 may be used herein to refer to the
vertical distance between the UAV and mean sea level
(MSL) 112.

The UAV may be subject to one or more altitude restric-
tions. The altitude restrictions may be preset prior to tlight
of the UAV. The altitude restrictions may be updated while
the UAV 1s turned ofl. The altitude restrictions may be
updated before the UAV takes ofl. The altitude restrictions
may be updated while the UAV 1s 1n flight. The altitude
restrictions may be stored in a memory operably coupled to
a processor on or ofl board the UAV. The altitude restrictions
may be downloaded from a router, from a cloud server, from
an external device, or other server. The UAV may be subject
to a maximum altitude limit, or “ceiling,” which the UAV
cannot fly above. The ceiling may be about or below 10,000
m, 5,000 m, 2,000 m, 1,000 m, 500 m, 200 m, 140 m, 120
m, 100 m, 80 m, 60 m, 50 m, 40 m, 30 m, 20 m, 10 m, or
5> m. The UAV may be subject to a mmmimum altitude, or
“floor,” which the UAV cannot fly below. The floor may be
aboutorabove 1 m,2m,3m,4m,5m, 7m, 10 m, 20 m,
40 m, 100 m, or 200 m. The UAV may be subject to an
allowable altitude range 1n which it must operate within. The
allowable altitude range may be a combination of the
minimum and maximum altitude restrictions mentioned
herein. For example, the allowable altitude range may be
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above 2 m but below 140 m. The altitude restrictions may be
expressed relative to a reference level such as “absolute
altitude” and “true altitude” mentioned herein. FIG. 1 shows
the UAV 102 subject to an altitude ceiling 106 and an
altitude floor 114 and allowed to navigate in the altitude
range 116. The altitude ceiling 106 and altitude floor 114
may be relative to a ground level 104, MSL 112, or any other
reference level mentioned herein.

The UAV may be subject to one or more altitude ceilings
and/or one or more altitude tloors. For example, the UAV
may have altitude restrictions having to do with the laws of
the jurisdiction which 1t 1s operating 1n, altitude restrictions
set forth by the UAV manufacturer (e.g., preconfigured or
downloaded), and/or altitude restrictions set forth by a UAV
operator (a user). The user may input their own restrictions
based on their preference. The user may nput the restric-
tions 1n a user interface (e.g., remote controller, hand-held
device, and computer). The preferences can be sent to a
tlight controller to limit the operation of the UAV. The user
may be prevented from inactivating or overriding some
altitude restrictions in certain circumstances (e.g. legally
required).

Each of the altitude restrictions may have an altitude
ceiling and/or an altitude floor. When a UAV has multiple
altitude ceilings and/or altitude floors, there may be a
priority of altitude restrictions that the UAV follows. The
UAV may give priority to altitude restrictions having to do
with the laws of the jurisdiction which 1t 1s operating 1n. The
UAYV may give priority to altitude restrictions set forth by the
manufacturer. The UAV may give priority to altitude restric-
tions set forth by a UAV operator. Priorities of altitude
restrictions may change depending on the location of the
UAYV. For example, near an airport, the altitude restrictions
set forth by the manufacturer may take priority over altitude
restrictions set forth by the UAV operator. Further away
from an airport, altitude restrictions set forth by the UAV
operator may take priority over altitude restrictions set forth
by the UAV manufacturer. Priority may be set such that the
UAV operates under one altitude restriction amongst com-
peting altitude restrictions (e.g., user set altitude restric-
tions). Priority may be set such that the UAV follows a
hierarchy of altitude restrictions (e.g., user set altitude
restrictions get priority over manufacturer altitude restric-
tions as long as the UAV 1s operating within the jurisdic-
tional altitude restrictions). Priority may be set such that the
UAYV operates under the safest conditions (e.g., abide by the
highest altitude floor from the restrictions and lowest alti-
tude ceiling from the restrictions). Priority may be set such
that The UAV operates with the most freedom (e.g., abide by
the highest altitude ceiling and lowest altitude floor).

The altitude restrictions may or may not depend on the
location of the UAV. For example, the priorities of the
altitude restrictions may change as mentioned herein. Fur-
ther, the jurisdictional altitude restrictions may change (e.g.,
near an airport). Further, the manufacturer set altitude
restrictions may change (e.g., higher altitude restriction in
countryside but lower altitude restriction in the vicinity of
cities). The information regarding altitude restrictions and
locations where altitude restrictions are 1n particular effect
may be stored on-board the UAV. Alternatively, information
regarding altitude restrictions and locations where altitude
restrictions are in particular eflect may be accessed from a
data source ofl-board the UAV. The information regarding
altitude restrictions and locations where altitude restrictions
are 1n particular eflect may be received in various forms
including, but not limited to, maps, geographical coordi-
nates, and databases.
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The location (e.g., latitude and longitude) of the UAV may
be determined. The location of the UAV may be determined
to any degree of specificity. For example, the location of the
UAV may be determined to within about 2000 meters, 1500
meters, 1200 meters, 1000 meters, 750 meters, 500 meters,
300 meters, 100 meters, 75 meters, S0 meters, 20 meters, 10
meters, 7 meters, 5 meters, 3 meters, 2 meters, 1 meter, 0.5
meters, 0.1 meters, 0.05 meters, or 0.01 meters. This may
occur prior to take-ofl of the UAV and/or while the UAV 1s
in flight. In some 1nstances, the UAV may have a GPS
receiver that may be used to determine the location of the
UAV. In other examples, the UAV may be 1n communication
with an external device, such as a mobile control terminal.
The location of the external device may be determined and
used to approximate the location of the UAV.

An altitude of the UAV may be processed to determine 1f
the UAV 1s compliant with altitude restrictions. One or more
sensors (e.g., an altimeter) may be onboard the UAV to
detect the altitude. A processor on-board or ofi-board the
UAV may compare current UAV altitude values to the
altitude restrictions. The comparison may take place 1n real
time. The comparison may take place at or within every
hour, every half hour, every 15 minutes, every 10 minutes,
every 5 minutes, every 3 minutes, every 2 minutes, every
minute, every 45 seconds, every 30 seconds, every 15
seconds, every 12 seconds, every 10 seconds, every 7
seconds, every 5 seconds, every 3 seconds, every second,
every 0.5 seconds, or every 0.1 second.

The altitude restrictions may aflect the operation of the
UAV 1 a vaniety of ways. Once a UAV approaches the
restricted altitude, a warning may be sent to the user to alert
the user of the fact. The UAV may alert the user (e.g., via
mobile application, flight status indicator, audio indicator, or
other indicator) regarding the close proximity of the UAV to
the flight-restricted altitude. An alert can include a visual
alert, audio alert, or tactile alert via an external device. The
external device may be a mobile device (e.g., tablet, smart-
phone, remote controller) or a stationary device (e.g., com-
puter). For example, the external device can be a smartphone
or remote controller that implements a software application
that provides the alert, e.g., as text, image, audio, vibration,
etc. In other examples the alert may be provided via the UAV
itselt, e.g., via lighting or sound systems on the UAV. The
alert may include a flash of light, text, image and/or video
information, a beep or tone, audio voice or information,
vibration, and/or other type of alert. For example, a mobile
device may vibrate to indicate an alert. In another example,
the UAV may tlash light and/or emit a noise to indicate the
alert. Such alerts may be provided in combination with other
tlight response measures or alone.

In the case of an altitude ceiling, the warning may be
provided 1f the UAV 1s above the altitude ceiling or 1s at
altitude below but within 0.5 m, 1 m, 2 m, 3 m, 4 m, 5 m,
7 m, 10 m, 20 m, 50 m, 100 m, or 200 m of the altitude
ceiling. In the case of an altitude floor, the warning may be
provided 1f the UAV 1s below the altitude floor or 1s at an
altitude above but within 0.5 m, 1 m, 2 m, 3 m, 4 m, 5 m,
7m, 10 m, 20 m, 50 m, 100 m, or 200 m of the altitude floor.

Alternatively or in conjunction, the altitude restrictions
may prevent the UAV from flying at restricted altitudes. For
example, user mput instructing the UAV to fly into a

restricted altitude may be 1gnored or modified to comply
with 1nstructions only to the extent that UAV flight 1s within

the restrictions.

In the event that the UAV intentionally or madvertently
ends up above an altitude ceiling or below and altitude floor
(e.g., user command or due to a rising air current such as a
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thermal column), the UAV control system may automati-
cally affect the propulsion umts of the UAV such that the
UAYV moves back within a permitted altitude. The automatic
compliance with the altitude restrictions may happen imme-
diately or if the UAV continues its flight in a restricted
airspace for a period of time. The period of time may be
about or below 10 minutes, 5 minutes, 2 minutes, 1 minute,
30 seconds, 10 seconds, 5 seconds, 2 seconds, or 1 second.

In some embodiments, the UAV may be permitted to
descend beneath the altitude floor when landing. In some
instances, an automated landing sequence may be engaged.
Engaging the automated landing sequence may permit the
UAYV to descend beneath the altitude floor. In other embodi-
ments, the UAV may be manually landed and an indication
may be provided that the UAV 1s landing or the landing of
the UAV may be inferred from one or more thght charac-
teristics.

Altitude sensors may report back altitude measurements
of an object compared to a fixed level. Examples of altitude
sensors 1nclude, but are not limited to, pressure altimeters,
sonic altimeters, radar altimeters, GPS, and satellites. Some
altitude sensors, such as a radar altimeter, may measure
altitudes that correspond to the absolute altitude. Some
altitude sensors, such as a GPS, may measure altitudes that
correspond to the true altitude rather than an absolute
altitude. Altimeters that measure altitudes not in reference to
the ground level may allow flight of the UAV that 1s both
over and under inclusive. This may be because airspace 1n
which UAV flight 1s allowed may be based on an altitude
measured vertically from the ground level. In the U.S., for
example, Class G awrspace, in which the ATC has no
authority or responsibility to control air traflic, extends from
the surface to the base of the overlying Class E airspace.

FIG. 16 illustrates a method 1600 for comparing altitude
measurements of a UAV with one or more altitude restric-
tions, 1n accordance with embodiments. In step 1602, one or
more altitude restrictions for the UAV may be received at the
one or more processors of the UAV. The altitude restrictions
may be received as previously described herein (e.g., from
memory, user mput, etc). The restrictions may be a maxi-
mum altitude, a minimum altitude, or a combination (e.g., a
range). There may be a plurality of maximum altitudes (e.g.,
pre-programmed maximum altitude and a user mput maxi-
mum altitude). There may be a plurality of mimimum alti-
tudes. A user mput altitude restriction may or may not
override the other altitude restrictions. The altitude restric-
tion may or may not depend on a lateral (e.g., geography)
location of the UAV. The altitude restrictions may or may not
be based on absolute altitude or true altitude of the UAV, or
any combination thereof.

In step 1604, the altitude measurement of the UAV may
be received at the one or more processors. The altitude
information may be a measurement produced by an altitude
sensor mentioned herein (e.g., a GPS on board the UAV).
The altitude information may be an altitude measurement
made relative to a reference point mentioned herein (e.g.
true altitude measurement measured relative to MSL, abso-
lute altitude measurement measured relative to ground
level). The altitude measurement may be made about or
within every hour, every half hour, every 15 minutes, every
10 minutes, every 5 minutes, every 3 minutes, every 2
minutes, every minute, every 45 seconds, every 30 seconds,
every 15 seconds, every 12 seconds, every 10 seconds, every
7 seconds, every 5 seconds, every 3 seconds, every second,
every 0.5 seconds, or every 0.1 second.

In step 1606, the altitude measurement of the UAV may
be compared with the one or more altitude restrictions using,
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the one or more processors. The comparison may take place
about or within every hour, every half hour, every 15
minutes, every 10 minutes, every 5 minutes, every 3 min-
utes, every 2 minutes, every minute, every 45 seconds, every
30 seconds, every 15 seconds, every 12 seconds, every 10
seconds, every 7 seconds, every S seconds, every 3 seconds,
every second, every 0.5 seconds, or every 0.1 second. 11 the
altitude measurement and the altitude restrictions are of
different scales (e.g., one 1s relative to MSL and the other 1s
relative to ground level), information about the underlying
terrain (e.g., elevation at ground level relative to MSL) may
be used to approprately scale the altitude measurement to
the altitude restriction, or vice versa. For example, 1t the
flight restriction 1s 400 m above ground level, and the
altitude of the UAV 1s measured as 500 m relative to MSL,

information about the ground level elevation may be incor-
porated. The imnformation about the ground level elevation
can come Irom many sources (€.g., sensors, maps, elevation
information, coordinate information, topographic mforma-
tion), as described further elsewhere herein. In the example,
if the ground level 1s at 200 m above MSL, the UAV 1s found
to be at 300 m above ground level, and still within a
permitted tlight altitude.

In step 1608, control signals may be output from the one
or more processors to the one or more propulsion units to
cause the UAV to comply with the one or more altitude
restrictions while moving over the area. If the UAV 1s 1n
compliance with the one or more altitude restrictions, there
may be no reason to output control signals and step 1608
may be optional. If the UAV 1s 1n compliance with the one
or more altitude restrictions but 1s 1n close proximity to the
altitude restrictions (e.g., within 0.5 m, 1 m, 2 m, 3 m, 4 m,
Sm,7m, 10 m, 20 m, 50 m, 100 m, or 200 m of the altitude
restriction), controls signals may be output such that the
UAYV moves further away from the restricted altitude or such
that the UAV 1s rendered incapable of moving closer to the
restricted altitude. As an alternative or supplement to step
1608, an alert or warning described herein may be issued
instead. The control signal may atfect operation of the UAV
immediately after the comparison 1s made or 1f the UAV
continues 1ts flight 1n a restricted altitude for a period of
time. The period of time may be about or below 10 minutes,
S5 minutes, 2 minutes, 1 minute, 30 seconds, 10 seconds, 5
seconds, 2 seconds, or 1 second.

If UAV altitude restrictions are provided relative to
ground level but altitude measurements are relative to a
different reference level (e.g. MSL), operation of the UAV
may be unnecessarily restricted. For example, in a high
altitude city (e.g., Denver), the UAV may be prevented from
tlight altogether or 11 allowed to fly, may be allowed only to
fly a limited amount over the ground, less than what 1is
legally allowed. This may disable the UAV from properly
navigating 1ts tlight area and reaching a height that may be
necessary for UAV activities such as surveillance, recon-
naissance, exploration, and aerial photography.

Additionally, 1t UAV altitude restrictions are provided
relative to ground level but altitude measurements are rela-
tive to a different reference level (e.g. MSL), operatlon of the
UAYV may 1nadvertently be within restricted airspace, which
may be illegal. For example, 1n a low altitude city (e.g.,
Washington, D.C.), the UAV may be allowed to fly in
restricted airspace despite the altitude restrictions. This can
lead to negative legal ramifications and/or lead to safety
problems (e.g. collision with aerial vehicles operating under
the supervision and authority of the ATC).

Furthermore, altitude measurements that do not rely on a
ground level may fail to take into account complex terrain or




US 11,687,098 B2

15

large altitude gradients i1n a flight location. For example,
even 1n a low altitude city, the UAV may be restricted from
reaching a legally allowed height necessary to explore a high
mountain range 1n order for properly carrying out 1ts afore-
mentioned activities. As a result of the failure to account for
the altitude of the local ground levels, complex terrains, and
large altitude gradients, the UAV may encroach upon con-
trolled airspace or fail to reach an allowed height needed for
activities such as surveillance, reconnaissance, exploration,
or aerial photography.

FI1G. 2 illustrates a single UAV at time points T1 202 and
12 204 dynamically processing its altitude measurements
which 1s compared to the maximum altitude restriction 206,
in accordance with embodiments. The altitude restriction
206 1s constant relative to the ground level 207 while the
altitude of the UAV 1s constant relative to the MSL 208. The
two values may not be compared properly because their
respective reference altitudes are different. Altitude mea-
surements of the UAV may be dynamically processed during
the operation of the UAV to account for local terrain
clevation. An elevation information and/or map information
of the UAV’s flight area may be stored on-board the UAV or
accessed from a data source ofl-board the UAV. The map
information may include elevation information of the UAV’s
tlight area. For instance, elevation at each point on a map or
selected features on a map may be provided. The elevation
information on a map may include ground level elevation
information. In some instances, elevation information may
be provided separately from a map. For example, geographic
coordinates may be provided with elevation information at
cach coordinate. The map information or elevation informa-
tion may be stored 1n a memory operably coupled to one or
more processors. The map information or elevation infor-
mation may be loaded 1n advance (before flight) or in real
time while 1n flight. The map information or the elevation
information may or may not be idicative of the height of
manmade and/or natural structures in the area. The map
information or the elevation information may be in the form
of a map of the UAV flight area. The map may be a
topographical map. The map may include elevation of the
terrain 1n the area (e.g., altitude of ground compared to
MSL). The map information may include information that
may aflect altitude restrictions of the UAV flight area (e.g.,
locations of restricted airspaces; locations of regions with
tall manmade and/or natural structures such as cities with
tall buildings, forests with tall trees).

The UAV may be located as described herein (e.g., using
a GPS) and a location on the map corresponding to the
location of the UAV may be identified. Further, the instant
elevation, or true altitude 210 of the terrain below where the
UAYV 1s operating at T2 or near where the UAV 1s operating,
may be determined with the aid of a processor (e.g., read out
from the map imformation or elevation imnformation). While
altitude sensors may produce altitude measurements 212
relative to a reference level diflerent from the local terrain
clevation (e.g., true altitude measured using a GPS), a
processor may be able to dynamically process (e.g., during
tflight) the absolute altitude measurements of the UAV 214
by subtracting the instant elevation of the terrain 210 from
the true altitude of UAV 212.

Altitude restrictions may be dynamically processed dur-
ing operation of the UAV. FIG. 3 illustrates a single UAV at
time points T1 302 and T2 304 dynamically processing the
maximum altitude restriction which 1s compared to the UAV
altitude measurement. Modifying the altitude restriction
may 1nvolve increasing or decreasing the maximum or
mimmum altitude which the UAV 1s allowed to navigate
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based on elevation information. While similar to FIG. 2,
instead of adjusting the altitude measurements of the UAV
306, 308, the altitude restriction 1s adjusted according to the
local terrain elevation. Thus, while the UAV 1s subject to a
constant altitude measurement at T1 and T2, after adjust-
ment, the UAV 1s subject to a maximum altitude restriction
310 at T1 but a different maximum altitude restriction 312
at T2. In this embodiment, the UAV altitude restrictions are
provided relative not to the ground level, but to the same
reference level 314 that altitude measurements of the UAV
1s based on (e.g. MSL) such that proper comparison between
the two values may be made.

Altitude restrictions may be dynamically processed dur-
ing operation of the UAV such that only an elevation of
terrain above a certain reference level (e.g., MSL) 1s taken
into account for adjustment of altitude restrictions. For
example, FIG. 17 1llustrates a modified altitude restriction
that takes into account only elevation of terrain above a
MSL, 1n accordance with embodiments. FIG. 17 shows a
MSL 1702 and terrain 1704 that varies 1n elevation across
the horizontal axis. Areas 1706, 1708, 1710 of the terrain are
below sea level and may not be taken into account in
adjusting the altitude restriction of the UAV. The adjusted
altitude restriction 1712 reflects a combination of adjusted
altitude restrictions and unadjusted altitude restrictions
across the horizontal axis. The UAV may operate under
differing altitude restriction adjustments for different altitude
restrictions. For example, for altitude ceilings, the UAV may
only take into account elevation of terrain above a certain
reference level (e.g., MSL) while for altitude floors, the
UAYV may take 1into account elevation of terrain regardless of
whether the terrain 1s above or below the aforementioned
reference level. It shall be understood that altitude measure-
ments of the UAV may also be dynamically processed
during operation of the UAV such that only an elevation of
terrain above a certain reference level 1s taken into account
for adjustment of UAV altitude measurements.

In some embodiments, a similar effect may be provided
by defining an altitude restriction to be a particular altitude
above a reference level that 1s the greater of the MSL or the
ground level. For example, the altitude restriction may be
defined as a particular altitude above the MSL when the
MSL 1s higher than the ground level, and above the ground
level when the ground level 1s higher than the MSL.

Alternatively or in conjunction, altitude sensors that
inherently take into account the ground level may be used to
determine the altitude of the UAV (e.g., absolute altitude of
the UAV). The absolute altitude of the UAV may be com-
pared to an altitude restriction without further processing.
Such altitude sensors include, but are not limited to, sonic,
radar, ultrasonic, Synthesized Aperture Radar (SAR), Time
of Flight (TOF), and/or visual sensors which can estimate a
welghted average of distance from the UAV to ground or
obstacle beneath the UAV 1n a time window. The altitude
sensors that inherently take into account the ground level
may be useful independently, or in instances when the
location of the UAV cannot be determined (e.g. GPS
unavailable) and/or the terrain map information cannot be
accessed.

In some embodiments, a UAV may have a plurality of
sensors or types of sensors that may be used to determine an
altitude of the UAV. Optionally, the UAV may have at least
one sensor that detects an absolute altitude of the UAV, and
at least one sensor that detects a true altitude of the UAV.
Depending on various factors, particular sensors may be
selected to be used 1n the determination of the UAV altitude.
For example, both types of sensors may be operating to
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collect altitude data but only data from a selected subset of
sensors may be considered in the determination of the UAV
altitude. Alternatively, a subset of the sensors may be
operating for a given scenario. In some embodiments,
depending on the location of the UAV, a subset of the sensors
may be used to provide data that 1s considered for deter-
mimng an altitude of the UAV. In another example, depend-
ing on the type of altitude restrictions 1n place for the UAV,
a subset ol sensors may be used to provide data that is
considered for determiming an altitude of the UAV. For
example, 1 the UAV 1s 1n a region where the altitude
restrictions are based on true altitude, then data from the
sensors that detect a true altitude of the UAV may be used
to determine an altitude of the UAV. If the UAV 1s in a region
where the altitude restrictions are based on absolute altitude,
then data from the sensors that detect an absolute altitude of
the UAV may be used to determine an altitude of the UAV,

In some embodiments, data from sensors may be used to
determine ground elevation relative to MSL. For example,
data from a type of sensor that measures an absolute altitude
of the UAV may be compared with data from a type of
sensor that measures a true altitude of the UAV. The com-
parison of the data may be used to calculate an estimated
clevation of the ground level beneath the UAV. This may be
useful in the event that other sources of ground level
information (e.g., maps, stored elevations) are not accessible
or operable. In one example, a first sensor may measure that
a UAV 1s flying 200 m above ground level, and a second
sensor may measure that a UAV 1s flying at 300 m above
MSL. Based on the comparison of the data, the local ground
level may be determined to be about 100 m. The local
ground level may aid 1n adjustment of altitude restrictions,
or determining a vertical relationship between the UAV
altitude and the altitude restriction.

FI1G. 4 1llustrates a method 400 for controlling movement
of an unmanned aerial vehicle (UAV) having one or more
propulsion units, 1 accordance with embodiments. Method
400 may involve comparing an altitude measurement of the
UAV against one or more altitude restrictions adjusted with
clevation information.

In step 402, one or more altitude restrictions for the UAV
may be received at the one or more processors of the UAV,
The altitude restrictions may be received as previously
described herein (e.g., from memory, user mput, etc). The
restrictions may be a maximum altitude, a minimum alti-
tude, or a combination thereof (e.g., UAV flight allowed in
a range). There may be a plurality of maximum altitudes
(e.g., pre-programmed maximum altitude and a user input
maximum altitude). There may be a plurality of minimum
altitudes. A user input altitude restriction may or may not
override the other altitude restrictions. The altitude restric-
tion may or may not depend on a lateral (e.g., geography)
location of the UAV. For example, the altitude ceiling near
an airport may be O relative to the ground.

In step 404, elevation information for an area can be
received at the one or more processors. The elevation
information may be a map of the area including elevation
information. Elevation information may be indicative of
height of manmade structures 1n the area (e.g., buildings)
and/or natural structures in the area (e.g., trees). Elevation
information may be indicative of elevation of terrain 1n the
area.

In addition to altitude restrictions, there may be other
restrictions applicable towards manmade structures. For
example, the UAV may be required to maintain a specified
horizontal and/or vertical distance from manmade structures
or be required to maintain a specified velocity and/or accel-
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cration within a certain distance of the manmade structures.
The atorementioned other restrictions may be applicable to
natural terrain and structures as well. For example, the UAV
may be required to maintain a specified horizontal and/or
vertical distance from a mountain peak or be required to
maintain a specified velocity and/or acceleration within a
certain distance of the mountain peak.

The altitude measurement of the UAV may be received at
the one or more processors. The altitude measurement may
be a measurement produced by an altitude sensor mentioned
herein (e.g., a GPS on board the UAV). The altitude mea-
surement may be an altitude measurement made relative to
a reference point mentioned herein (e.g. true altitude mea-
surement measured relative to MSL). The altitude measure-
ment may be made about or within every hour, every half
hour, every 15 minutes, every 10 minutes, every 5 minutes,
every 3 minutes, every 2 minutes, every minute, every 45
seconds, every 30 seconds, every 15 seconds, every 12
seconds, every 10 seconds, every 7 seconds, every 5 sec-
onds, every 3 seconds, every second, every 0.5 seconds, or
every 0.1 second.

The UAV may be located as described herein (e.g., using,
a GPS). The UAV may be located on the map. The elevation
of the terrain at the location of the UAV may be determined
as described herein (e.g., read out from the elevation infor-
mation using a processor). The UAV may be located about
or within every hour, every half hour, every 15 minutes,
every 10 minutes, every 5 minutes, every 3 minutes, every
2 minutes, every minute, every 45 seconds, every 30 sec-
onds, every 15 seconds, every 12 seconds, every 10 seconds,
every 7 seconds, every 5 seconds, every 3 seconds, every
second, every 0.5 seconds, or every 0.1 second.

In step 408, the altitude restriction of the UAV can be
modified based on the elevation information as to produce a
modified altitude restriction. For example, based on the
elevation information, the elevation of the terrain at the
location of the UAV (received 1n step 404) may be sub-
tracted from the one or more altitude restrictions. The
calculations may take place about or within every hour,
every halfl hour, every 15 minutes, every 10 minutes, every
5 minutes, every 3 minutes, every 2 minutes, every minute,
every 45 seconds, every 30 seconds, every 15 seconds, every
12 seconds, every 10 seconds, every 7 seconds, every 5
seconds, every 3 seconds, every second, every 0.5 seconds,
or every 0.1 second. The location of where the altitude
information of the UAV was received and the elevation of
the terrain at the location of the UAV determined may
identical. The lateral location of where the altitude informa-
tion of the UAV was received and where the elevation of the
terrain at the location of the UAV was received may or may
not match up. The lateral locations may be within 1000 m,
S500m, 200 m, 100 m, 50 m, 20m, 10 m, 5Sm, 2m, 1 m, or
0.5 m. The one or more modified altitude restrictions of the
UAV of step 408 may be compared to the altitude measure-
ment of the UAV.

Method 400 may be repeated at a predetermined time
interval during operation of the UAV. The time interval may
be at or within about every hour, every half hour, every 15
minutes, every 10 minutes, every 5 minutes, every 3 min-
utes, every 2 minutes, every minute, every 45 seconds, every
30 seconds, every 15 seconds, every 12 seconds, every 10
seconds, every 7 seconds, every S seconds, every 3 seconds,
every second, every 0.5 seconds, or every 0.1 second.

In step 412, control signals from the one or more proces-
sors may be output to the one or more propulsion units to
cause the UAV to comply with the altitude restrictions based
on the comparison. If the UAV 1s 1n compliance with the one
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or more adjusted altitude restrictions, there may be no reason
to output control signals and step 412 may be optional. If the
UAYV 1s 1n compliance with the one or more adjusted altitude
restrictions but 1s 1 close proximity to the altitude restric-
tions (e.g., within 0.5 m, 1 m, 2 m, 3m, 4 m, 5 m, 7 m, 10
m, 20 m, 50 m, 100 m, or 200 m of the altitude restriction),
control signals may be output such that the UAV moves
turther away from the restricted altitude or such that the
UAYV 1s rendered 1incapable of moving closer to the restricted
altitude. As an alternative or supplement to step 412, an alert
or warning described herein may be issued instead. The
control signal may aflect operation of the UAV immediately
after the comparison 1s made or if the UAV continues 1ts
tflight 1n a restricted altitude for a period of time. The period
of time may be about or below 10 minutes, 5 minutes, 2
minutes, 1 minute, 30 seconds, 10 seconds, 5 seconds, 2
seconds, or 1 second. While adjustments of altitude restric-
tions are described primarily herein, 1t shall be understood
that altitude measurement of the UAV may be adjusted in the
alternative to achieve similar results as illustrated by FIG. 10
(adjustment of altitude restriction) and FIG. 11 (adjustment
of altitude measurement of the UAV).

FIG. 10 illustrates a method 1000 of comparing one or
more dynamically modified altitude restrictions with an
altitude measurement of a UAV. The method may include
one or more of the steps described herein, or may include the
steps provided 1n a different order. For example, the method
may 1nclude receiving, at one or more processors, one or
more altitude restrictions for the UAV 1002. The method
may also include receiving, at the one or more processors,
clevation information for an area 1004. The one or more
processors may receive altitude measurement of the UAV
1006. This information may be gathered using any of the
techniques described elsewhere herein.

The method may also include modifying, with aid of the
one or more processors, the one or more altitude restrictions
based on the elevation information to produce one or more
modified altitude restrictions 1008.

The altitude measurement may be compared with the one
or more modified altitude restrictions 1010. Such a com-
parison may occur using the one or more processors, indi-
vidually or collectively. The one or more processors may
output control signals to one or more propulsion units to
cause the UAV to comply with the one or more modified
altitude restrictions while moving over the area 1012.

FIG. 11 1llustrates a method 1100 of comparing one or
more dynamically modified altitude measurements with an
altitude restriction of a UAV. The method may include one
or more ol the steps described herein, or may include the
steps provided 1n a different order. For example, the method
may 1nclude recerving, at one or more processors, one or
more altitude restrictions for the UAV 1102. The method
may also include receiving, at the one or more processors,
clevation information for an area 1104. The one or more
processors may receive altitude measurement of the UAV
1106. This information may be gathered using any of the
techniques described elsewhere herein.

The method may also include modifying, with aid of the
one or more processors, the altitude measurement based on
the elevation information to produce a modified altitude
measurement 1108.

The modified altitude measurement may be compared
with the one or more altitude restrictions 1110. Such a
comparison may occur using the one or more processors,
individually or collectively. The one or more processors may
output control signals to one or more propulsion units to
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cause the UAV to comply with the one or more altitude
restrictions while moving over the area 1112.

FIG. 5 illustrates a method 500 for controlling movement
of an unmanned aerial vehicle (UAV) having one or more
propulsion umits, i accordance with embodiments. Method
500 may involve comparing an altitude measurement of the
UAYV against one or more altitude restrictions adjusted with
map information.

In step 502, one or more altitude restrictions for the UAV
may be received at the one or more processors of the UAV,
The altitude restrictions may be received as previously
described herein (e.g., from memory, user mput, etc). The
restrictions may be a maximum altitude, a minimum alti-
tude, or a combination (e.g., a range). There may be a
plurality of maximum altitudes (e.g., pre-programmed maxi-
mum altitude and a user input maximum altitude). There
may be a plurality of mimmimum altitudes. A user input
altitude restriction may or may not override the other
altitude restrictions. The altitude restriction may or may not
depend on a lateral (e.g., geography) location of the UAV.
For example, the altitude ceiling near an airport may be 0
relative to the ground.

In step 504, map information for an area can be received
at the one or more processors. Map information may or may
not include elevation information of an area. Elevation
information may be indicative of elevation of terrain in the
areca. Elevation information may be indicative of height of
manmade and/or natural structures in the area. Map 1inifor-
mation may include other imnformation that may affect alti-
tude restrictions such as locations of tlight-restricted regions
(e.g., atrports), locations of regions with tall natural and/or
manmade structures, and so on. Receiving map information
may comprise recerving a map of the area. The map may be
a terrain map or a topographical map. The map information
can be preloaded onto the UAV prior to operation. Alterna-
tively or 1n addition, the map information can be uploaded
to the UAV during operation.

Flight-restricted regions may include prohibited airspace,
which may refer to an area (or volume) of airspace within
which flight of aircraift 1s not allowed, usually due to security
concerns. Prohibited areas may contain airspace of defined
dimensions 1dentified by an area on the surface of the earth
within which the flight of aircrait 1s prohibited. Such areas
can be established for security or other reasons associated
with the national welfare. These areas may be published 1n
the Federal Register and are depicted on aeronautical charts
in the United States, or in other publications in various
jurisdictions. The flight-restricted region may include one or
more of special use airspace (e.g., where limitations may be
imposed on aircraft not participating in designated opera-
tions), such as restricted airspace (i.e., where entry 1s typi-
cally forbidden at all times from all aircraft and 1s not subject
to clearance from the airspace’s controlling body), military
operations areas, warning areas, alert areas, temporary flight
restriction (TFR) areas, national security areas, and con-
trolled firing areas.

Examples of tlight-restricted regions may include, but are
not limited to, airports, flight corridors, military or other
government facilities, locations near sensitive personnel
(e.g., when the President or other leader 1s visiting a loca-
tion), nuclear sites, research facilities, private airspace,
de-militarized zones, certain jurisdictions (e.g., townships,
cities, counties, states/provinces, countries, bodies of water
or other natural landmarks), or other types of no-fly zones.
A flight-restricted region may be a permanent no-fly zone or
may be a temporary area where tlight 1s prohibited. In some
instances, a list of tlight-restricted regions may be updated.
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Examples of regions with tall structures may include, but
are not limited to, urban regions (e.g., cities with many
skyscrapers and other tall buildings), forested regions (e.g.,
forests with extremely tall trees such as redwoods), archaeo-
logical sites (e.g., pyramids), and the like. The map infor-
mation can include GPS data indicating the location of such
regions.

In addition to altitude restrictions, there may be other
restrictions applicable towards manmade structures. For
example, the UAV may be required to maintain a specified
horizontal and/or vertical distance from manmade structures
or be required to maintain a specified velocity and/or accel-
cration within a certain distance of the manmade structures.
The atorementioned other restrictions may be applicable to
natural terrain and structures as well. For example, the UAV
may be required to maintain a specified horizontal and/or
vertical distance from a mountain range or be required to
maintain a specified velocity and/or acceleration within a
certain distance of the mountain range.

The altitude measurement of the UAV may be received at
the one or more processors. The altitude information may be
a measurement produced by an altitude sensor mentioned
herein (e.g., a GPS on board the UAV). The altitude infor-
mation may be an altitude measurement made relative to a
reference point mentioned herein (e.g. true altitude measure-
ment measured relative to MSL). The altitude measurement
may be made about or within every hour, every half hour,
every 15 minutes, every 10 minutes, every S minutes, every
3 minutes, every 2 minutes, every minute, every 45 seconds,
every 30 seconds, every 15 seconds, every 12 seconds, every
10 seconds, every 7 seconds, every 5 seconds, every 3
seconds, every second, every 0.5 seconds, or every 0.1
second.

The UAV may be located as described herein (e.g., using
a GPS). The UAV may be located on the map. The elevation
of the terrain at the location of the UAV may be determined
as described herein (e.g., read out from the map 1nforma-
tion). The UAV may be located about or within every hour,
every half hour, every 15 minutes, every 10 minutes, every
5 minutes, every 3 minutes, every 2 minutes, every minute,
every 45 seconds, every 30 seconds, every 15 seconds, every
12 seconds, every 10 seconds, every 7 seconds, every 5
seconds, every 3 seconds, every second, every 0.5 seconds,
or every 0.1 second.

In step 508, the altitude restriction of the UAV can be
modified based on the map information as to produce a
modified altitude restriction. For example, based on the map
information, the UAV may locate an airport nearby and
decrease the maximum altitude restriction near an airport to
better comply with the flight restriction 1 the event it
encroaches upon a flight restricted region. Alternatively or 1n
conjunction, 1f the map information contains elevation infor-
mation, the elevation of the terrain at the location of the
UAV determined may be subtracted from the one or more
altitude restrictions. The calculations may take place about
or within every hour, every half hour, every 15 minutes,
every 10 minutes, every 5 minutes, every 3 minutes, every
2 minutes, every minute, every 45 seconds, every 30 sec-
onds, every 15 seconds, every 12 seconds, every 10 seconds,
every 7 seconds, every 5 seconds, every 3 seconds, every
second, every 0.5 seconds, or every 0.1 second. The location
of where the altitude mformation of the UAV was received
and the elevation of the terrain at the location of the UAV
determined may identical. The lateral location of where the
altitude information of the UAV was received and where the
clevation of the terrain at the location of the UAV was
received may or may not match up. The lateral locations may
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be within 1000 m, 500 m, 200 m, 100 m, 50 m, 20 m, 10 m,
Sm, 2m, 1 m, or 0.5 m. The one or more modified altitude
restrictions of the UAV of step 508 may compared to the
altitude measurement of the UAV.

Method 500 may be repeated at a predetermined time
interval during operation of the UAV. The time interval may
be at or within about every hour, every half hour, every 15
minutes, every 10 minutes, every 5 minutes, every 3 min-
utes, every 2 minutes, every minute, every 45 seconds, every
30 seconds, every 15 seconds, every 12 seconds, every 10
seconds, every 7 seconds, every S seconds, every 3 seconds,
every second, every 0.5 seconds, or every 0.1 second.

In step 512, control signals from the one or more proces-
sors are output to the one or more propulsion units to cause
the UAV to comply with the altitude restrictions based on the
comparison. If the UAV 1s in compliance with the one or
more adjusted altitude restrictions, there may be no reason
to output control signals and step 512 may be optional. IT the
UAYV 1s 1n compliance with the one or more adjusted altitude
restrictions but i1s 1n close proximity to the altitude restric-
tions (e.g., within 0.5 m, 1 m, 2 m,3m, 4 m, 5m, 7 m, 10
m, 20 m, 50 m, 100 m, or 200 m of the altitude restriction),
controls signals may be output such that the UAV moves
further away from the restricted altitude or such that the
UAYV 1s rendered 1incapable of moving closer to the restricted
altitude. As an alternative or supplement to step 512, an alert
or warning described herein may be issued instead. The
control signal may affect operation of the UAV immediately
alter the comparison 1s made or if the UAV continues 1ts
tflight 1n a restricted altitude for a period of time. The period
of time may be about or below 10 minutes, 5 minutes, 2
minutes, 1 minute, 30 seconds, 10 seconds, 5 seconds, 2
seconds, or 1 second. While adjustments of altitude restric-
tions are described primarily herein, 1t shall be understood
that altitude measurement of the UAV may be adjusted in the
alternative to achueve similar results as 1llustrated by FIG. 10
(adjustment of altitude restriction) and FIG. 11 (adjustment
of altitude measurement of the UAV).

FIG. 6 illustrates a method 600 for controlling movement
of an unmanned aerial vehicle (UAV) having one or more
propulsion units, 1n accordance with embodiments. Method
600 may involve comparing one or more altitude restrictions
against an altitude measurement of the UAV measured by a
sensor that automatically accounts for local ground levels
and/or heights of local structures on the ground (e.g., build-
ings, trees). Such sensors may include sonic, radar, ultra-
sonic, Synthesized Aperture Radar (SAR), Time of Flight
(TOF), and/or visual sensors which can estimate a weighted
average ol distance from the UAV to ground or obstacle
beneath the UAV 1n a time window. In some embodiments,
the sensors are oriented vertically downward relative to the
UAV 1 order to facilitate measurement of the distance
between the UAV and the local ground level and/or local
structures. This distance mformation can be used as a basis
for dynamically modifying altitude restrictions.

In step 602, one or more altitude restrictions for the UAV
can be received at one or more processors. In step 606,
absolute altitude measurements of the UAV can be received
at the one or more processors. In step 608, the altitude
measurements of step 606 can be compared with the one or
more altitude restrictions. In step 610, the one or more
processors can output control signals to the one or more
propulsion units to cause the UAV to comply with the one
or more altitude restrictions. Method 600 may be a special-
1zed version of method 400 or method 500 in which the
altitude sensors measure the absolute altitude of the UAV
instead of the true altitude. Method 600 may involve option-
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ally receiving map information of the area. The map infor-
mation may be utilized as previously described herein. It
may be unnecessary to modily the altitude information
based on the elevation of the terrain because the altitude
sensors of method 600 inherently take into account the
terrain elevation.

The altitude restrictions may be configured such that they
are always active during UAV operation. The altitude
restrictions may be configured such that they are never
active during UAV operation. The altitude restrictions may
be configured such that they are active sometimes and
iactive at other times. For example, the altitude restrictions

may be switched on or off automatically depending on

predefined parameters (e.g. state of UAV, flight time, current
altitude, location, etc) and/or based on user input.

FI1G. 7 1llustrates a method 700 for controlling movement
of an UAV having one or more propulsion units, 1n accor-
dance with embodiments. Method 700 may involve a UAV
having multiple altitude restrictions and selectively applying
the restrictions depending on circumstances.

In step 702, control signals from one or more processors
can be output to the one or more propulsion units to cause
UAV to operate according to a first set of altitude restric-
tions. The first set of altitude restriction may be based on a
first reference altitude. Examples of reference altitudes
include ground level, sea level (MSL), average terrain level,
geoid level, and the like. The first set of altitude restrictions
and the second set of altitude restrictions may comprise a
maximum altitude limit. The first set of altitude restrictions
and the second set of altitude restrictions may comprise a

mimmum altitude limit. The maximum altitude limit may be
about or below 10,000 m, 5,000 m, 2,000 m, 1,000 m, 500

m, 200 m, 140 m, 120 m, 100 m, 80 m, 60 m, 50 m, 40 m,
30 m, 20 m, 10 m, or 5 m. The minimum altitude limit may
be about orabove I m,2m,3m,4m, 5m, 7m, 10 m, 20
m, 40 m, 100 m, or 200 m.

In step 704, whether the UAV should operate according to
a second set of altitude restrictions can be assessed with aid
of the one or more processors and based on one or more
criteria. The criteria may be based on predefined parameters
(c.g., state of UAV, thght time, current altitude, location)
and/or based on user input. The criteria may be set prior to
flight of the UAV or may be input during tlight. For example,
the criteria may be whether a UAV has exceeded a prede-
termined flight time. The predetermined flight time may be
about or less than 6000 seconds, 3000, 1200 seconds, 600
seconds, 300 seconds, 120 seconds, 60 seconds, 30 seconds,
10 seconds, or 5 seconds. The flight time may measure the
total flight time recorded by the UAV. The tlight time may
measure flight time recorded for a particular tlight session.
The criteria may be whether battery of the UAV 1s running
low. The criteria may be whether the UAV 1s moving above
a certain velocity or acceleration. The criteria may be
whether the UAV has exceeded a predefined altitude thresh-
old. The predetermined altitude threshold may be about or
above 10 m, 20 m, 40 m, 100 m, 200 m, or 400 m. The
criteria may be whether the UAV 1s below a predetermined
altitude floor. The criterta may be whether the current
altitude of the UAV 1s greater than an altitude at an earlier
point 1 time. The criteria may be whether the current
altitude of the UAV 1s greater than an altitude of an mitial
location of the UAV. The criteria may be whether the UAV
1s within a restricted airspace or not. The criteria may be
whether the UAV 1s near a restricted airspace. The critena
may be whether the second set of altitude restrictions are not
currently prohibited by a controller for the UAV. The con-
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troller may be located onboard the UAV. The controller may
be a remote control device 1n communication with the UAYV,

In step 706, control signals from the one or more proces-
sors can be output to the one or more propulsion units to
cause the UAV to operate according to the second set of
altitude restrictions if the one or more criteria are fulfilled
according to step 704. For example, when total flight time
has exceeded a certain threshold, the UAV may operate
under a second set of altitude restrictions with a higher
altitude ceiling or a lower altitude tloor than the first set of
altitude restrictions, which may give a UAV operator greater
freedom 1n controlling the UAV as total flight time 1s
increased. For example, the UAV may operate under a
second set of altitude restrictions with a lower altitude floor
than the first set of altitude restrictions as battery runs low.
For example, the UAV may operate under a second set of
altitude restrictions with a higher altitude floor than the first
set of altitude restrictions 1f the UAV 1s moving above a
certain velocity, which may ensure the safety of people and
reduce collision with ground objects. For example, when
near a restricted airspace, the UAV may operate under a
second set of altitude restrictions with a lower altitude floor
compared to the first set of altitude restrictions to ensure that
the UAV can land safely before entering restricted airspace.
The second set of altitude restriction may be based on a
second reference altitude. Examples of reference altitudes
include ground level, sea level (mean sea level), average
terrain level, geoid level, and the like. The second reference
altitude and the first reference altitude may or may not be
identical.

When the UAV 1s outside the flight restricted altitude, the
UAV may prompt the user (e.g., via mobile application,
tflight status indicator, audio 1indicator, or other indicator) to
land within the predetermined time period (e.g., 1 minute) or
navigate to an altitude that complies with the restricted
altitude. Within the time period, the operator of the UAV
may provide istructions to navigate the UAV to a desired
altitude and/or provide manual landing instructions. After
the predetermined time period has been exceeded, the UAV
may automatically navigate to comply with the altitude
restrictions without any input from an operator of the UAYV,
or may incorporate input from the operator of the UAV. The
UAV may automatically start decreasing 1n altitude after the
predetermined time period. The UAV may automatically
start increasing in altitude after the predetermined time
period. The UAV may decrease or increase in altitude at a
predetermined rate, or may incorporate location data in
determining the rate at which to decrease in altitude,
increase 1n altitude, or to land. In some instances, flight
response measures closer to a flight-restricted region may
provide more rapid response by the UAV to descend or land.
This may reduce user autonomy 1n controlling the UAV
tlight but may provide greater compliance with regulations
and provide greater safety measures. Flight response mea-
sures further from the flight-restricted region may permit a
user to have more control over the UAV. This may provide
increased user autonomy in controlling the UAV and allow
the user to take action to prevent the UAV from entering
restricted airspace. The distance can be used to measure risk
or likelithood of the UAV {falling within restricted airspace,
and based on the measure of risk take an appropriate level
ol action.

In some embodiments, the methods described herein for
dynamic adjustment of altitude restrictions account for laws
and regulations regarding permissible altitudes for UAVs.
For example, prior to modifying an altitude restriction 1n
accordance with the methods presented herein, the UAV
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(e.g., one or more processors associated with the UAV) can
compare the modified altitude restriction with a legally
altitude restriction to determine whether the modified alti-
tude restriction 1s legally compliant. If the modified restric-
tion 1s compliant, the UAV can proceed to implement the
modified restriction. If the modified restriction 1s not com-
plhiant, the UAV can maintain the original restriction, or
adjust the modified restriction to be compliant. For example,
if the modified restriction sets an altitude ceiling of 500 m
but the legal restriction sets an altitude ceiling of 400 m, the
UAV can implement an altitude ceiling of 400 m rather than
500 m 1n order to be compliant. In some embodiments, 1f 1t
1s determined that the altitude restrictions should be modi-
fied but the modification would not be legally compliant, an
alert can be provided to the user as previously described
herein (e.g., via an application on a mobile device or remote
controller, via the UAV 1tself). The applicable laws and
regulations can be provided to the UAV 1n various ways,
¢.g., preloaded onto the UAV prior to operation, uploaded to
the UAV during operation, etc. In some embodiments,
determination of the relevant laws and regulations can be
performed based on the location information for the UAV
(e.g., current GPS coordinates).

In some embodiments, the altitude restrictions described
herein can be dynamically modified prior to the UAV
approaching and/or flying over the elevated terrain and/or
structures necessitating the modified altitude restrictions,
¢.g., when the UAV 1s a predetermined distance from the
clevated terrain and/or structures. For example, 11 the UAV
1s flying towards an area with tall buildings, 1t can begin to
increase the altitude ceiling when it 1s a predetermined
distance from the area, instead of increasing the ceiling once
it 1s flying over the area. This approach can allow the user

to preemptively increase the UAV altitude 1n order to avoid
collisions with elevated terrain and/or structures, as there
may not be suflicient time to divert the UAV 11 the UAV 1s
too close to the elevated terrain and/or structures, particu-
larly 11 the UAV 1s moving at relatively high velocities.
The UAVs described herein can be operated completely
autonomously (e.g., by a suitable computing system such as
an on-board controller or off-board controller), semi-autono-
mously (e.g., with some aspects controlled manually and
some aspects controlled automatically), or manually (e.g.,
by a human user utilizing a remote control device or a
terminal). The UAV can receive commands from a suitable
entity (e.g., human user or autonomous control system) and
respond to such commands by performing one or more
actions. For example, the UAV can be controlled to take off
from the ground, move within the air (e.g., with up to three
degrees of freedom 1n translation and up to three degrees of
freedom 1n rotation), move to target location or to a sequence
of target locations, hover within the air, land on the ground,
and so on. As another example, the UAV can be controlled
to move at a specified velocity and/or acceleration (e.g., with
up to three degrees of freedom 1n translation and up to three
degrees of freedom 1n rotation) or along a specified move-
ment path. Furthermore, the commands can be used to
control one or more UAV components, such as the compo-
nents described herein (e.g., sensors, actuators, propulsion
units, payload, etc.). For instance, some commands can be
used to control the position, orientation, and/or operation of
a UAV payload such as a camera. Optionally, the UAV can
be configured to operate 1n accordance with one or more
predetermined operating rules. The operating rules may be
used to control any suitable aspect of the UAYV, such as the
position (e.g., latitude, longitude, altitude), orientation (e.g.,
roll, pitch yaw), velocity (e.g., translational and/or angular),

10

15

20

25

30

35

40

45

50

55

60

65

26

and/or acceleration (e.g., translational and/or angular) of the
UAV. For 1nstance, the operating rules can be designed such
that the UAV 1s not permitted to fly beyond a threshold
height, e.g., the UAV can be configured to fly at a height of
no more than 400 m from the ground. In some embodiments,
the operating rules can be adapted to provide automated
mechanisms for improving UAV safety and preventing
satety incidents. For example, the UAV can be configured to
detect a restricted thght region (e.g., 1,200 It above ground
level) and not fly within a predetermined distance of the
restricted tlight region, thereby averting potential collisions
with aircrait and other obstacles, ensuring compliance with
the law, and providing an optimal user experience for its
operators.

FIG. 8 provides a schematic illustration of an unmanned
aerial vehicle 800 in communication with an external device
810 1n accordance with an embodiment of the disclosure.

The UAV 800 may include one or more propulsion units
that may control position of the UAV. The propulsion units
may control the location of the UAV (e.g., with respect to up
to three directions, such as latitude, longitude, altitude)
and/or orientation of the UAV (e.g., with respect to up to
three axes of rotation, such as pitch, yaw, roll). The propul-
sion units may permit the UAV to maintain or change
position. The propulsion units may include one or more rotor
blades that may rotate to generate lift for the UAV. The
propulsion units may be driven by one or more actuators
8350, such as one or more motors. In some 1nstances, a single
motor may drive a single propulsion unit. In other examples,
a single motor may drive multiple propulsion units, or a
single propulsion unit may be driven by multiple motors.

Operation of one or more actuator 8350 of the UAV 800
may be controlled by a flight controller 820. The flight
controller may include one or more processors and/or
memory units. The memory units may include non-transi-
tory computer readable media, which may comprise code,
logic, or mstructions for performing one or more steps. The
processors may be capable of performing one or more steps
described herein. The processors may provide the steps 1n
accordance with the non-transitory computer readable
media. The processors may perform location-based calcu-
lations and/or utilize algorithms to generate a flight com-
mand for the UAV.

The tlight controller 820 may receive information from a
receiver 830 and/or locator 840. The receiver 830 may
communicate with an external device 810. The external
device may be a remote terminal. The external device may
be a control apparatus that may provide one or more sets of
instructions for controlling thght of the UAV. A user may
interact with the external device to 1ssue instructions to
control flight of the UAV. The external device may have a
user interface that may accept a user mput that may result in
controlling tlight of the UAV. Examples of external devices
are described 1n greater detail elsewhere herein.

The external device 810 may communicate with the
receiver 830 via a wireless connection. The wireless com-
munication may occur directly between the external device
and the receiver and/or may occur over a network, or other
forms of indirect communication. In some embodiments, the
wireless communications may be proximity-based commu-
nications. For example, the external device may be within a
predetermined distance from the UAV 1n order to control
operation of the UAV. Alternatively, the external device need
not be within a predetermined proximity of the UAV., Com-
munications may occur directly, over a local area network
(LAN), wide area network (WAN) such as the Internet,

cloud environment, telecommunications network (e.g., 3G,
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4(), Wik, Bluetooth, radiofrequency (RF), infrared (IR), or
any other communications technique. In alternate embodi-
ments, the communications between the external device and
the recelver may occur via a wired connection.

Communications between the external device and the
UAV may be two-way communications and/or one-way
communications. For example, the external device may
provide instructions to the UAV that may control the tlight
of the UAV. The external device may operate other functions
of the UAV, such as one or more settings of the UAV, one or
more sensors, operation ol one or more payloads, operation
of a carrier of the payload, or any other operations of the
UAV. The UAV may provide data to the external device. The
data may include information about the location of the UAV,
data sensed by one or more sensors of the UAV, images
captured by a payvload of the UAV, or other data from the
UAV. The instructions from the external device and/or data
from the UAV may be transmitted simultaneously or sequen-
tially. They may be transierred over the same communica-
tion channel or different communication channels. In some
instances, instructions from the external device may be
conveyed to the tlight controller. The flight controller may
utilize the tlight control instructions from the external device
in generating a command signal to one or more actuators of
the UAV.

The UAV may also include a locator 840. The locator may
be used to determine a location of the UAV. The location
may include a latitude, longitude, and/or altitude of the
aerial vehicle. The location of the UAV may be determined
relative to a fixed reference frame (e.g., geographic coordi-
nates). The location of the UAV may be determined relative
to a map received by the processors contaiming map nfor-
mation and/or elevation information. The location of the
UAYV may be determined relative to a tlight-restricted region.
The locator may use any technique or later developed 1n the
art to determine the location of the UAV. For example, the
locator may receive a signal from an external location unit
845. In one example, the locator may be a global positioning
system (GPS) recerver and the external location unit may be
a GPS satellite. In another example, the locator may be an
inertial measurement unit (IMU), ultrasonic sensor, visual
sensors (e.g., cameras), or communication unit communi-
cating with an external location unit. The external location
unit may include a satellite, tower, or other structure that
may be capable of providing location information. One or
more external location units may utilize one or more trian-
gulation technmiques i1n order to provide a location of the
UAYV. In some instances, the external location unit may be
the external device 810 or other remote control device. The
location of the external device may be used as the location
of the UAV or to determine the location of the UAV. The
location of the external device may be determined using a
location unit within the external device and/or one or more
base stations capable of determining the location of the
external device. The location unit of the external device may
use any of the techniques described herein including, but not
limited to, GPS, laser, ultrasonic, visual, 1nertial, infrared, or
other location sensing techniques. The location of an exter-
nal device may be determined using any technique, such as
GPS, laser ultrasonic, visual, iertial, infrared, triangulation,
base stations, towers, relays, or any other technique.

In alternate embodiments, an external device or external
location unit may not be needed to determine the location of
the UAV. For instance, the IMU may be used to determine
the location of the UAV. An IMU can include one or more
accelerometers, one or more gyroscopes, one or more mag-
netometers, or suitable combinations thereof. For example,
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the IMU can include up to three orthogonal accelerometers
to measure linear acceleration of the movable object along
up to three axes of translation, and up to three orthogonal
gyroscopes to measure the angular acceleration about up to
three axes of rotation. The IMU can be rigidly coupled to the
aerial vehicle such that the motion of the aerial vehicle
corresponds to motion of the IMU. Alternatively the IMU
can be permitted to move relative to the aenal vehicle with
respect to up to six degrees of freedom. The IMU can be
directly mounted onto the aerial vehicle, or coupled to a
support structure mounted onto the aerial vehicle. The IMU
may be provided exterior to or within a housing of the
movable object. The IMU may be permanently or removably
attached to the movable object. In some embodiments, the
IMU can be an element of a payload of the aerial vehicle.
The IMU can provide a signal indicative of the motion of the
aerial vehicle, such as a position, orientation, velocity,
and/or acceleration of the aerial vehicle (e.g., with respect to
one, two, or three axes of translation, and/or one, two, or
three axes of rotation). For example, the IMU can sense a
signal representative of the acceleration of the aerial vehicle,
and the signal can be integrated once to provide velocity
information, and twice to provide location and/or orientation
information. The IMU may be able to determine the accel-
eration, velocity, and/or location/orientation of the aerial
vehicle without interacting with any external environmental
factors or receiving any signals from outside the aerial
vehicle. The IMU may alternatively be used 1in conjunction
with other location determining devices, such as GPS, visual
sensors, ultrasonic sensors, or communication units.

The location determined by the locator 840 may be used
by the flight controller 820 in the generation of one or more
command signal to be provided to the actuator. For instance,
the location of the UAV, which may be determined based on
the locator imformation, may be used to determine the
priority of the altitude restrictions 1n the event that there are
competing altitude restrictions. The tlight controller may
further determine which flight response measure, 11 any,
needs to be taken by the UAV. The flight controller may
determine the command signal to the actuator(s), which may
control the flight of the UAV.

FIG. 9 provides an example of an unmanned aeral vehicle
using a global positioning system (GPS) to determine the
location of the unmanned aerial vehicle, 1n accordance with
an embodiment of the disclosure. The UAV may have a GPS
module. The GPS module may include a GPS receiver 940
and/or a GPS antenna 942. The GPS antenna may pick up
one or more signals from a GPS satellite or other structure
and convey the captured information to the GPS recerver.
The GPS module may also include a microprocessor 925.
The microprocessor may receive information from the GPS
receiver. The microprocessor may convey the data from the
GPS recerver 1n a raw form or may process or analyze 1t. The
microprocessor may perform calculations using the GPS
receiver data and/or may provide location information based
on the calculations.

The GPS module may be operably connected to a flight
controller 920. The tlight controller of a UAV may generate
command signals to be provided to one or more actuators of
the UAV and thereby control flight of the UAV. Any con-
nection may be provided between the GPS module and the
tflight controller. For example, a communication bus, such as
a controller area network (CAN) bus may be used to connect
the GPS module and the tlight controller. The GPS receiver
may receive data via the GPS antenna, and may communi-
cate data to the microprocessor, which may communicate
data to a tlight controller via the communication bus.
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In some 1nstances, once the UAV 1s turned on, the UAV
may search for the GPS signal. If the GPS signal i1s found,
the UAV may be able to determine 1ts location and altitude.
Some embodiments may rely on the aircraft GPS module to
determine the location, including the altitude of the UAV. If
the GPS module takes too long to successfully determine
position, this will affect the capabilities of the flight. UAV
flight functionality may be limited if the GPS module is
ioperational or a GPS signal can not be detected. In some
instances, other systems and methods may be used to
determine a location, such as the altitude, of the UAV as
described herein.

FIG. 12 provides an example of unmanned aerial vehicle
1200 with an on-board memory unit 1250, 1n accordance
with an aspect of the disclosure. The UAV may have a tlight
controller 1220 which may generate one or more command
signals to effect flight of the UAV. A location unit 1240 may
be provided. The location unit may provide data indicative
of an altitude and location of the UAV, The location unit may
be a GPS recerver, communication module receiving loca-
tion data from an external device, ultrasonic sensor, visual
sensor, IR sensor, inertial sensor, or any other type of device
that may be useful for determining the location of the UAV.
The flight controller may use the location of the UAV to
generate the flight command signal.

The memory unit 1250 may include data about elevation
information or map information of regions the UAV may
operate 1. For example, one or more on-board database or
memory 1255A may be provided, storing maps (e.g., topo-
graphic map) that include altitude information of the terrain
and/or lists of tlight-restricted regions and/or their location.
In one example, maps of various regions may be stored 1n
the on-board memory of the UAV. In one example, the
memory storage device may store elevation information of
the area covered by the map. All maps (e.g., topographic
maps) in the world, continent, country, or region of the
world may be stored in the memory umt. Alternatively or in
conjunction, information regarding of flight-restricted
regions or any other information that may affect altitude
restrictions of the UAV may be stored. The coordinates may
include only latitude and longitude coordinates, may further
include altitude coordinates, or may include boundaries of
flight-restricted regions. Thus information about terrain
clevation, including locations and/or associated rules, may
be pre-programmed onto the UAV,

The UAV may be able to access the on-board memory to
determine the elevation and/or map information of a region
it 1s operating 1n. This may be useful 1n situations where a
communication of a UAV may be moperable or may have
trouble accessing an external source. For instance, some
communication systems may be unreliable. In some
instances, accessing on-board stored information may be
more reliable and/or may require less power consumption.
Accessing on-board stored information may also be faster
than downloading the information in real-time.

In some 1nstances, other data may be stored on-board the
UAV. For example, databases and/or memory 1255B may be
provided about rules relating to the particular flight-re-
stricted altitudes or different jurisdictions. For example, the
memory may store information on-board about flight rules
for different jurisdictions. For example, Country A may not
permit a UAV to fly more than 700 1t above ground level
while Country B may not permit a UAV to fly more than
1200 1t above ground level. In some nstances, the rules may
be specific to jurisdictions. In some 1nstances the rules may
be specific to tlight-restricted regions, regardless of juris-
diction. For example, within Country A, Airport A may not
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permit UAV flight anywhere within 5 miles of the airport at
all times, while Airport B may permit UAV flight near the
airport from 1:00-3:00 A.M. The rules may be stored on-
board the UAV and may optionally be associated with the
relevant jurisdictions and/or tlight-restricted regions.

The rules stored 1n the databases may pertain to altitude
restrictions for different jurisdictions or different regions.
The rules may be provided by a manufacturer, a user, or a
third party. The rules may be stored 1n the database and/or
may be updated.

The flight controller 1220 may access the on-board
memory to calculate an altitude of the UAV relative to an
altitude restriction. In some embodiments, sensor data may
be used to determine the altitude of the UAV 1n the com-
parison of the UAV altitude with the altitude restriction.
Optionally, on-board memory, which may include elevation
data regarding the ground level may be used to aid in the
comparison. In some instances, the flight controller may also
access the on-board memory to calculate a distance between
the UAV and a flight-restricted region. The tlight controller
may use information from the location unit 1240 as the
location of the UAV, and may use information from the
on-board memory 1250 for the flight-restricted region loca-
tion. A calculation of the distance between the UAV and
tlight-restricted region may be made by the flight controller,
with aid of a processor.

The flight controller 1220 may access on-board memory
to determine a flight response measure to take. For example,
the UAV may access the on-board memory about different
rules. The location of the UAV may be used to determine the
flight response measure to be taken by the UAV 1n accor-
dance with the relevant rules. For example, 11 the location of
the UAV 1s determined to be within Country A, the tlight
controller may review the rules for Country A in determining
the flight response measure to take. For example, this may
include instructing the UAV to descend below an altitude
ceiling when the UAV approaches or exceeds the altitude
ceiling. This may affect the command signal generated and
sent to one or more actuators of the UAV.

The on-board memory 1250 of the UAV may be updated.
For example, a mobile device in communication with the
UAV may be used for updates. When the mobile device and
UAV are connected the on-board memory may be updated.
The mobile device and the UAV may be updated via a
wireless connection, such as a direct or indirect wireless
connection. In one example, the connection may be provided
via WiF1 or Bluetooth. The mobile device may be used to
control flight of the UAV and/or recerve data from the UAV.
Information such as elevation information or map informa-
tion of a region may be updated. Such updates may occur
while the mobile device interacting with the UAV. Such
updates may occur when the mobile device first connects
with the UAV, at periodic time intervals, when events are
detected, or continuously 1n real-time.

In another example, a wired connection may be provided
between the UAV and an external device for providing
updates to on-board memory. For example, a USB port or
similar port on the UAV may be used to connect to a
personal computer (PC), and may use PC software to update.
In another example, the external device may be a mobile
device, or other type of external device. The updates may
occur when the UAV first connects to the external device, at
periodic time intervals while the wired connection remains,
when events are detected, or continuously 1n real-time while
the wired connection remains.

An additional example may permit the UAV to have a
communication device for accessing the Internet or other
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network. Every time the UAV starts, 1t can automatically
check whether the on-board memory needs to be updated.
For example, every time the UAV starts, 1t can automatically
check whether elevation or map information needs to be
updated. In some embodiments, the UAV only checks
whether there are updates to be made upon being turned on.
In other embodiments, the UAV may make checks periodi-
cally, upon detected events or commands, or continuously.

In some 1instances, different jurisdictions may have dif-
terent altitude restrictions. For example, diflerent countries
may have diflerent rules and/or some rules may be more
complicated depending on jurisdiction, and may need to be
accomplished step by step. Examples of jurisdictions may
include, but are not limited to continents, unions, countries,
states/provinces, counties, cities, towns, private property or
land, or other types of jurisdictions.

The location of the UAV may be used to determine the
jurisdiction within which the UAV 1s currently located and
whole rules may apply. For example, GPS coordinates can
be used to determine the jurisdiction at which the UAV 1s
located, and which laws apply. For example, jurisdiction A
may prohibit flight of a UAV 700 1t above ground, while
jurisdiction B may prohibit flight 1200 ft above ground.
Then after the aircraft obtains GPS coordinates, 1t can
determine whether it 1s currently located within jurisdiction
A or jurisdiction B. Based on this determination, it may
assess whether the flight restrictions are 1n play 700 1t or
1200 1t above ground, and may take a flight response
measure accordingly.

For example, a boundary between jurisdictions may be
provided. The UAV may be determined to fall within juris-
diction A which 1s to the right of the boundary, based on the
UAV location. Jurisdiction B may be to the left of the
boundary and may have diflerent rules from jurisdiction A.
In one example, the location of the UAV may be determined
using any of the location techniques described elsewhere
herein. Coordinates of the UAV may be calculated. In some
instances, an on-board memory of the UAV may include
boundaries for different jurisdiction. For example, the UAV
may be able to access on-board memory to determine which
jurisdiction the UAV falls within, based on its location. In
other examples, information about the different jurisdictions
may be stored off-board. For example, the UAV may com-
municate externally to determine which jurisdiction into
which the UAV {alls.

Thus, the UAV may be able to access information about
the jurisdiction nto which the UAV {falls and/or applicable
flight rules for the UAV. The altitude restrictions that are
applicable may be used in conjunction with location infor-
mation to determine whether a flight response measure 1s
needed and/or which flight response measure should be
taken.

The systems, devices, and methods described herein can
be applied to a wide variety of movable objects. As previ-
ously mentioned, any description herein of a UAV may
apply to and be used for any movable object. Any descrip-
tion herein of a UAV may apply to any aenal vehicle. A
movable object of the present disclosure can be configured
to move within any suitable environment, such as 1n air (e.g.,
a fixed-wing aircrait, a rotary-wing aircrait, or an aircraft
having neither fixed wings nor rotary wings), in water (e.g.,
a ship or a submarine), on ground (e.g., a motor vehicle, such
as a car, truck, bus, van, motorcycle, bicycle; a movable
structure or frame such as a stick, fishing pole; or a train),
under the ground (e.g., a subway), 1n space (e.g., a space-
plane, a satellite, or a probe), or any combination of these
environments. The movable object can be a vehicle, such as

10

15

20

25

30

35

40

45

50

55

60

65

32

a vehicle described elsewhere herein. In some embodiments,
the movable object can be carried by a living subject, or take
ofl from a living subject, such as a human or an animal.
Suitable animals can include avines, canines, felines,
equines, bovines, ovines, porcines, delphines, rodents, or
insects.

The movable object may be capable of moving freely
within the environment with respect to six degrees of
freedom (e.g., three degrees of freedom 1n translation and
three degrees of freedom 1in rotation). Alternatively, the
movement of the movable object can be constrained with
respect to one or more degrees of freedom, such as by a
predetermined path, track, or orientation. The movement can
be actuated by any suitable actuation mechanism, such as an
engine or a motor. The actuation mechanism of the movable
object can be powered by any suitable energy source, such
as clectrical energy, magnetic energy, solar energy, wind
energy, gravitational energy, chemical energy, nuclear
energy, or any suitable combination thereof. The movable
object may be self-propelled via a propulsion system, as
described elsewhere herein. The propulsion system may
optionally run on an energy source, such as electrical energy,
magnetic energy, solar energy, wind energy, gravitational
energy, chemical energy, nuclear energy, or any suitable
combination thereof. Alternatively, the movable object may
be carried by a living being.

In some 1nstances, the movable object can be a vehicle.
Suitable vehicles may include water vehicles, aerial
vehicles, space vehicles, or ground vehicles. For example,
aerial vehicles may be fixed-wing aircraft (e.g., airplane,
gliders), rotary-wing aircrait (e.g., helicopters, rotorcrait),
aircraft having both fixed wings and rotary wings, or aircrait
having neither (e.g., blimps, hot air balloons). A vehicle can
be self-propelled, such as self-propelled through the air, on
or 1n water, 1 space, or on or under the ground. A seli-
propelled vehicle can utilize a propulsion system, such as a
propulsion system including one or more engines, motors,
wheels, axles, magnets, rotors, propellers, blades, nozzles,
or any suitable combination thereof. In some 1nstances, the
propulsion system can be used to enable the movable object
to take ofl from a surface, land on a surface, maintain 1ts
current position and/or orientation (e.g., hover), change
orientation, and/or change position.

The movable object can be controlled remotely by a user
or controlled locally by an occupant within or on the
movable object. In some embodiments, the movable object
1s an unmanned movable object, such as a UAV. An
unmanned movable object, such as a UAV, may not have an
occupant onboard the movable object. The movable object
can be controlled by a human or an autonomous control
system (e.g., a computer control system), or any suitable
combination thereof. The movable object can be an autono-
mous or semi-autonomous robot, such as a robot configured
with an artificial intelligence.

The movable object can have any suitable size and/or
dimensions. In some embodiments, the movable object may
be of a size and/or dimensions to have a human occupant
within or on the vehicle. Alternatively, the movable object
may be of size and/or dimensions smaller than that capable
of having a human occupant within or on the vehicle. The
movable object may be of a size and/or dimensions suitable
for being lifted or carried by a human. Alternatively, the
movable object may be larger than a size and/or dimensions
suitable for being lifted or carried by a human. In some
instances, the movable object may have a maximum dimen-
sion (e.g., length, width, height, diameter, diagonal) of less
than or equal to about: 2 cm, 5 cm, 10 cm, 50 cm, 1 m, 2 m,
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5 m, or 10 m. The maximum dimension may be greater than
or equal to about: 2 cm, Scm, 10 cm, 50 cm, 1 m, 2 m, 5
m, or 10 m. For example, the distance between shaits of
opposite rotors of the movable object may be less than or
equal to about: 2 cm, 5 cm, 10 cm, 30 cm, 1 m, 2 m, 5 m,
or 10 m. Alternatively, the distance between shafts of
opposite rotors may be greater than or equal to about: 2 cm,
Scm, 10 cm, S50 cm, 1 m, 2 m, S m, or 10 m.

In some embodiments, the movable object may have a
volume of less than 100 cmx100 cmx100 cm, less than 50
cmxS50 cmx30 cm, or less than 5 cmx5 cmx3 cm. The total
volume of the movable object may be less than or equal to

about: 1 cm>,2cm’, Scm>, 10cm’, 20 cm”, 30 cm”, 40 cm”,
50 cm?>, 60 cm?, 70 cm?, 80 cm?, 90 cm?, 100 cm?, 150 cm”,

200 cm”, 300 cm”, 500 cm>, 750 cm?, 1000 cm>, 5000 cm”.
10,000 cm?, 100,000 cm”, 1 m>, or 10 m”. Conversely, the
total volume of the movable object may be greater than or

equal to about: 1 cm”, 2cm’, S5cm”, 10 cm”, 20 cm”, 30 cm”,
40 cm’, 50 cm’, 60 cm”, 70 cm, 80 cm’, 90 cm”, 100 cm”,

150 cm’, 200 cm’, 300 cm”, 500 cm?, 750 cm>, 1000 cm”,
5000 cm?, 10,000 cm?, 100,000 cm?, 1 m’, or 10 m".

In some embodiments, the movable object may have a
footprint (which may refer to the lateral cross-sectional area
encompassed by the movable object) less than or equal to
about: 32,000 cm=, 20,000 cm?, 10,000 cm?, 1,000 cm=, 500
cm?, 100 cm?, 50 cm?, 10 cm?, or 5 cm?®. Conversely, the
footprint may be greater than or equal to about: 32,000 cm”,
20,000 cm?, 10,000 cm?, 1,000 cm?, 500 cm?®, 100 cm?, 50
cm?, 10 cm®, or 5 cm”®.

In some 1nstances, the movable object may weigh no more
than 1000 kg. The weight of the movable object may be less
than or equal to about: 1000 kg, 750 kg, 500 kg, 200 kg, 150
kg, 100 kg, 80 kg, 70 kg, 60 kg, 50 kg, 45 kg, 40 kg, 35 kg,
30 kg, 25 kg, 20 kg, 15 kg, 12 kg, 10 kg, 9 kg, 8 kg, 7 kg,
6 kg, 5 kg, 4 kg, 3 kg, 2 kg, 1 kg, 0.5 kg, 0.1 kg, 0.05 kg,
or 0.01 kg. Conversely, the weight may be greater than or
equal to about: 1000 kg, 750 kg, 500 kg, 200 kg, 150 kg, 100
kg, 80 kg, 70 kg, 60 kg, 50 kg, 45 kg, 40 kg, 35 kg, 30 kg,
25 kg, 20 kg, 15 kg, 12 kg, 10 kg, 9 kg, 8 kg, 7 kg, 6 kg, 5
kg, 4 kg, 3 kg, 2 kg, 1 kg, 0.5 kg, 0.1 kg, 0.05 kg, or 0.01
kg.

In some embodiments, a movable object may be small
relative to a load carried by the movable object. The load
may include a payload and/or a carrier, as described in
turther detail elsewhere herein. In some examples, a ratio of
a movable object weight to a load weight may be greater
than, less than, or equal to about 1:1. In some instances, a
ratio of a movable object weight to a load weight may be
greater than, less than, or equal to about 1:1. Optionally, a
rat10 of a carrier weight to a load weight may be greater than,
less than, or equal to about 1:1. When desired, the ratio of
an movable object weight to a load weight may be less than
or equal to: 1:2, 1:3, 1:4, 1:5, 1:10, or even less. Conversely,
the ratio of a movable object weight to a load weight can also
be greater than or equal to: 2:1, 3:1, 4:1, 5:1, 10:1, or even
greater.

In some embodiments, the movable object may have low
energy consumption. For example, the movable object may
use less than about: S W/h, 4 W/h, 3 W/h, 2 W/h, 1 W/h, or
less. In some 1nstances, a carrier of the movable object may
have low energy consumption. For example, the carrier may
use less than about: S W/h, 4 W/h, 3 W/h, 2 W/h, 1 W/h, or
less. Optionally, a payload of the movable object may have
low energy consumption, such as less than about: 5 W/h, 4
W/h, 3 W/h, 2 W/h, 1 W/h, or less.

FIG. 13 1illustrates an unmanned aerial vehicle (UAV)
1300, 1mn accordance with embodiments of the present dis-
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closure. The UAV may be an example of a movable object
as described herein. The UAV 1300 can include a propulsion
system having four rotors 1302, 1304, 1306, and 1308. Any

number of rotors may be provided (e.g., one, two, three,
four, five, six, or more). The rotors, rotor assemblies, or
other propulsion systems ol the unmanned aerial vehicle
may enable the unmanned aerial vehicle to hover/maintain
position, change orientation, and/or change location. The
distance between shalts of opposite rotors can be any
suitable length 1310. For example, the length 1310 can be
less than or equal to 2 m, or less than equal to 11 m. In some
embodiments, the length 1310 can be within a range from 40
cm to 7 m, from 70 cm to 2 m, or from 11 cm to 11 m. Any
description herein of a UAV may apply to a movable object,
such as a movable object of a different type, and vice versa.
The UAV may use an assisted takeofl system or method as
described herein.

In some embodiments, the movable object can be con-
figured to carry a load. The load can include one or more of
passengers, cargo, equipment, instruments, and the like. The
load can be provided within a housing. The housing may be
separate from a housing of the movable object, or be part of
a housing for an movable object. Alternatively, the load can
be provided with a housing while the movable object does
not have a housing. Alternatively, portions of the load or the
entire load can be provided without a housing. The load can
be rigidly fixed relative to the movable object. Optionally,
the load can be movable relative to the movable object (e.g.,
translatable or rotatable relative to the movable object). The
load can include a payload and/or a carner, as described
clsewhere herein.

In some embodiments, the movement of the movable
object, carrier, and payload relative to a fixed reference
frame (e.g., the surrounding environment) and/or to each
other, can be controlled by a terminal. The terminal can be
a remote control device at a location distant from the
movable object, carrier, and/or payload. The terminal can be
disposed on or aflixed to a support platform. Alternatively,
the terminal can be a handheld or wearable device. For
example, the terminal can include a smartphone, tablet,
laptop, computer, glasses, gloves, helmet, microphone, or
suitable combinations thereof. The terminal can include a
user interface, such as a keyboard, mouse, joystick, touch-
screen, or display. Any suitable user mput can be used to
interact with the terminal, such as manually entered com-
mands, voice control, gesture control, or position control
(e.g., via a movement, location or tilt of the terminal).

The terminal can be used to control any suitable state of
the movable object, carrier, and/or payload. For example, the
terminal can be used to control the position and/or orienta-
tion of the movable object, carrier, and/or payload relative to
a fixed reference from and/or to each other. In some embodi-
ments, the terminal can be used to control individual ele-
ments of the movable object, carrier, and/or payload, such as
the actuation assembly of the carrier, a sensor of the payload,
or an emitter of the payload. The terminal can include a
wireless communication device adapted to communicate
with one or more of the movable object, carrier, or payload.

The terminal can include a swtable display unit for
viewing information of the movable object, carrier, and/or
payload. For example, the terminal can be configured to
display information of the movable object, carnier, and/or
payload with respect to position, translational velocity,
translational acceleration, orientation, angular velocity,
angular acceleration, or any suitable combinations thereof.
In some embodiments, the terminal can display information
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provided by the payload, such as data provided by a func-
tional payload (e.g., images recorded by a camera or other
image capturing device).

Optionally, the same terminal may both control the mov-
able object, carrier, and/or payload, or a state of the movable
object, carrier and/or payload, as well as recerve and/or
display information from the movable object, carrier and/or
payload. For example, a terminal may control the position-
ing of the payload relative to an environment, while dis-
playing image data captured by the payload, or information
about the position of the payload. Alternatively, different
terminals may be used for different functions. For example,
a first terminal may control movement or a state of the
movable object, carnier, and/or payload while a second
terminal may receive and/or display information from the
movable object, carrier, and/or payload. For example, a first
terminal may be used to control the positioning of the
payload relative to an environment while a second terminal
displays 1mage data captured by the payload. Various com-
munication modes may be utilized between a movable
object and an integrated terminal that both controls the
movable object and receives data, or between the movable
object and multiple terminals that both control the movable
object and receives data. For example, at least two different
communication modes may be formed between the movable
object and the terminal that both controls the movable object
and receives data from the movable object.

FIG. 14 1illustrates a movable object 1400 including a
carrier 1402 and a payload 1404, in accordance with
embodiments. Although the movable object 1400 1s depicted
as an aircraft, this depiction i1s not intended to be limiting,
and any suitable type of movable object can be used, as
previously described herein. One of skill in the art would
appreciate that any of the embodiments described herein 1n
the context of aircrait systems can be applied to any suitable
movable object (e.g., an UAV). In some 1instances, the
payload 1404 may be provided on the movable object 1400
without requiring the carrier 1402. The movable object 1400
may 1nclude propulsion mechanisms 1406, a sensing system
1408, and a communication system 1410.

The propulsion mechanisms 1406 can include one or
more of rotors, propellers, blades, engines, motors, wheels,
axles, magnets, or nozzles, as previously described. The
movable object may have one or more, two or more, three
or more, or four or more propulsion mechanisms. The
propulsion mechanisms may all be of the same type. Alter-
natively, one or more propulsion mechanisms can be differ-
ent types of propulsion mechanisms. The propulsion mecha-
nisms 1406 can be mounted on the movable object 1400
using any suitable means, such as a support element (e.g., a
drive shait) as described elsewhere herein. The propulsion
mechanisms 1406 can be mounted on any suitable portion of
the movable object 1400, such on the top, bottom, front,
back, sides, or suitable combinations thereof.

In some embodiments, the propulsion mechanisms 1406
can enable the movable object 1400 to take off vertically
from a surface or land vertically on a surface without
requiring any horizontal movement of the movable object
1400 (e.g., without traveling down a runway). Optionally,
the propulsion mechanisms 1406 can be operable to permit
the movable object 1400 to hover 1n the air at a specified
position and/or orientation. One or more of the propulsion
mechanisms 1400 may be controlled independently of the
other propulsion mechanisms. Alternatively, the propulsion
mechanisms 1400 can be configured to be controlled simul-
taneously. For example, the movable object 1400 can have
multiple horizontally oriented rotors that can provide lift
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and/or thrust to the movable object. The multiple horizon-
tally oriented rotors can be actuated to provide vertical
takeodl

, vertical landing, and hovering capabilities to the
movable object 1400. In some embodiments, one or more of
the horizontally oriented rotors may spin in a clockwise
direction, while one or more of the horizontally rotors may
spin 1n a counterclockwise direction. For example, the
number of clockwise rotors may be equal to the number of
counterclockwise rotors. The rotation rate of each of the
horizontally oriented rotors can be varied independently in
order to control the lift and/or thrust produced by each rotor,
and thereby adjust the spatial disposition, velocity, and/or
acceleration of the movable object 1400 (e.g., with respect
to up to three degrees of translation and up to three degrees
ol rotation).

The sensing system 1408 can include one or more sensors
that may sense the spatial disposition, velocity, and/or
acceleration of the movable object 1400 (e.g., with respect
to up to three degrees of translation and up to three degrees
of rotation). The one or more sensors can include global
positioning system (GPS) sensors, motion sensors, inertial
sensors, proximity sensors, or image sensors. The sensing
data provided by the sensing system 1408 can be used to
control the spatial disposition, velocity, and/or orientation of
the movable object 1400 (e.g., using a suitable processing
umt and/or control module, as described below). Alterna-
tively, the sensing system 1408 can be used to provide data
regarding the environment surrounding the movable object,
such as weather conditions, proximity to potential obstacles,
location of geographical features, location of manmade
structures, and the like.

The communication system 1410 enables communication
with terminal 1412 having a communication system 1414
via wireless signals 1416. The communication systems
1410, 1414 may include any number of transmitters, recerv-
ers, and/or transceivers suitable for wireless communication.
The communication may be one-way communication, such
that data can be transmitted i only one direction. For
example, one-way communication may involve only the
movable object 1400 transmitting data to the terminal 1412,
or vice-versa. The data may be transmitted from one or more
transmitters of the communication system 1410 to one or
more receivers of the communication system 1412, or vice-
versa. Alternatively, the communication may be two-way
communication, such that data can be transmitted 1n both
directions between the movable object 1400 and the terminal
1412. The two-way communication can involve transmitting
data from one or more transmitters of the communication
system 1410 to one or more recervers of the communication
system 1414, and vice-versa.

In some embodiments, the terminal 1412 can provide
control data to one or more of the movable object 1400,
carrier 1402, and payload 1404 and receive information
from one or more of the movable object 1400, carrier 1402,
and payload 1404 (e.g., position and/or motion information
of the movable object, carrier or payload; data sensed by the
payload such as image data captured by a payload camera).
In some instances, control data from the terminal may
include 1nstructions for relative positions, movements,
actuations, or controls of the movable object, carrier and/or
payload. For example, the control data may result i a
modification of the location and/or orientation of the mov-
able object (e.g., via control of the propulsion mechanisms
1406), or a movement of the payload with respect to the
movable object (e.g., via control of the carrier 1402). The
control data from the terminal may result in control of the
payload, such as control of the operation of a camera or other
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image capturing device (e.g., taking still or moving pictures,
zooming 1n or out, turning on or ofl, switching 1maging
modes, change 1mage resolution, changing focus, changing
depth of field, changing exposure time, changing viewing
angle or field of view). In some 1nstances, the communica-
tions from the movable object, carrier and/or payload may
include information from one or more sensors (e.g., of the
sensing system 1408 or of the payload 1404). The commu-
nications may include sensed information from one or more
different types of sensors (e.g., GPS sensors, motion sensors,
inertial sensor, proximity sensors, or 1mage sensors). Such
information may pertain to the position (e.g., location,
orientation), movement, or acceleration of the movable
object, carrier and/or payload. Such information from a
payload may include data captured by the payload or a
sensed state of the payload. The control data provided
transmitted by the termunal 1412 can be configured to
control a state of one or more of the movable object 1400,
carrier 1402, or payload 1404. Alternatively or in combina-
tion, the carrier 1402 and payload 1404 can also each
include a communication module configured to communi-
cate with terminal 1412, such that the terminal can commu-
nicate with and control each of the movable object 1400,
carrier 1402, and payload 1404 independently.

In some embodiments, the movable object 1400 can be
configured to communicate with another remote device 1n
addition to the terminal 1412, or instead of the terminal
1412. The terminal 1412 may also be configured to com-
municate with another remote device as well as the movable
object 1400. For example, the movable object 1400 and/or
terminal 1412 may communicate with another movable
object, or a carrier or payload of another movable object.
When desired, the remote device may be a second terminal
or other computing device (e.g., computer, laptop, tablet,
smartphone, or other mobile device). The remote device can
be configured to transmit data to the movable object 1400,
receive data from the movable object 1400, transmit data to
the terminal 1412, and/or receive data from the terminal
1412. Optionally, the remote device can be connected to the
Internet or other telecommunications network, such that data
received from the movable object 1400 and/or terminal 1412
can be uploaded to a website or server.

FIG. 15 1s a schematic illustration by way of block
diagram of a system 1500 for controlling a movable object,
in accordance with embodiments. The system 1500 can be
used 1n combination with any suitable embodiment of the
systems, devices, and methods disclosed herein. The system
1500 can include a sensing module 1502, processing unit
1504, non-transitory computer readable medium 1506, con-
trol module 1508, and communication module 1510.

The sensing module 1502 can utilize different types of
sensors that collect information relating to the movable
objects 1 different ways. Diflerent types of sensors may
sense different types of signals or signals from different
sources. For example, the sensors can include inertial sen-
sors, GPS sensors, proximity sensors (e.g., lidar), or vision/
image sensors (e.g., a camera). The sensing module 1502
can be operatively coupled to a processing unit 1504 having
a plurality of processors. In some embodiments, the sensing
module can be operatively coupled to a transmission module
1512 (e.g., a W1-F1 image transmission module) configured
to directly transmit sensing data to a suitable external device
or system. For example, the transmission module 1512 can
be used to transmit images captured by a camera of the
sensing module 1502 to a remote terminal.

The processing unit 1504 can have one or more proces-
sors, such as a programmable processor (e.g., a central
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processing unit (CPU)). The processing unit 1504 can be
operatively coupled to a non-transitory computer readable
medium  1506. The non-transitory computer readable
medium 1506 can store logic, code, and/or program instruc-
tions executable by the processing unit 1504 for performing
one or more steps. The non-transitory computer readable
medium can include one or more memory units (e.g.,
removable media or external storage such as an SD card or
random access memory (RAM)). In some embodiments,
data from the sensing module 1502 can be directly conveyed
to and stored within the memory units of the non-transitory
computer readable medium 1506. The memory units of the
non-transitory computer readable medium 1506 can store
logic, code and/or program instructions executable by the
processing unit 1504 to perform any suitable embodiment of
the methods described herein. For example, the processing
unit 1504 can be configured to execute 1nstructions causing
one or more processors of the processing unit 1504 to
analyze sensing data produced by the sensing module. The
memory units can store sensing data from the sensing
module to be processed by the processing unit 1504. In some
embodiments, the memory unmits of the non-transitory com-
puter readable medium 1506 can be used to store the
processing results produced by the processing unit 1504.

In some embodiments, the processing unit 1504 can be
operatively coupled to a control module 1508 configured to
control a state of the movable object. For example, the
control module 1508 can be configured to control the
propulsion mechanisms of the movable object to adjust the
spatial disposition, velocity, and/or acceleration of the mov-
able object with respect to six degrees of freedom. Alterna-
tively or in combination, the control module 1508 can
control one or more of a state of a carrier, payload, or
sensing module.

The processing unit 1504 can be operatively coupled to a
communication module 1510 configured to transmit and/or
receive data from one or more external devices (e.g., a
terminal, display device, or other remote controller). Any
suitable means of communication can be used, such as wired
communication or wireless communication. For example,
the communication module 1510 can utilize one or more of
local area networks (LAN), wide area networks (WAN),
infrared, radio, WiFi, point-to-point (P2P) networks, tele-
communication networks, cloud communication, and the
like. Optionally, relay stations, such as towers, satellites, or
mobile stations, can be used. Wireless communications can
be proximity dependent or proximity independent. In some
embodiments, line-of-sight may or may not be required for
communications. The communication module 1510 can
transmit and/or receive one or more of sensing data from the
sensing module 1502, processing results produced by the
processing unit 1504, predetermined control data, user com-
mands from a terminal or remote controller, and the like.

The components of the system 1500 can be arranged 1n
any suitable configuration. For example, one or more of the
components of the system 1500 can be located on the
movable object, carnier, payload, terminal, sensing system,
or an additional external device 1n communication with one
or more of the above. Additionally, although FI1G. 15 depicts
a single processing unit 1504 and a single non-transitory
computer readable medium 1506, one of skill 1n the art
would appreciate that this 1s not mntended to be limiting, and
that the system 1500 can include a plurality of processing
units and/or non-transitory computer readable media. In
some embodiments, one or more of the plurality of process-
ing units and/or non-transitory computer readable media can
be situated at different locations, such as on the movable
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object, carrier, payload, terminal, sensing module, additional
external device 1n communication with one or more of the
above, or suitable combinations thereof, such that any
suitable aspect of the processing and/or memory functions

40

to determine whether the UAV 1s operated 1n compli-
ance with the selected set of altitude restrictions.

9. The UAV of claim 8, wherein the control signals are

generated according to the comparison result to cause the

performed by the system 1500 can occur at one or more of 5 AV to effect one or more flight response measures.

the aforementioned locations.

While some embodiments of the present disclosure have
been shown and described herein, it will be obvious to those
skilled 1n the art that such embodiments are provided by way
of example only. Numerous variations, changes, and substi-
tutions will now occur to those skilled 1n the art without
departing from the disclosure. It should be understood that
various alternatives to the embodiments of the disclosure
described herein may be employed 1n practicing the disclo-
sure. It 1s intended that the following claims define the scope
of the mnvention and that methods and structures within the
scope of these claims and theiwr equivalents be covered
thereby.

What 1s claimed 1s:

1. An unmanned aerial vehicle (UAV) comprising:

a vehicle body;

one or more propulsion units coupled to the vehicle body

and configured to effect movement of the UAV; and

one or more processors coupled to the one or more

propulsion umts and mdividually or collectively con-

figured to:

receive one or more sets of altitude restrictions for the
UAV;

receive location information indicating a current loca-
tion of the UAV;

determine a priority of the one or more sets of altitude
restrictions by which the UAV abides based on the
location information;

select a set from the one or more sets ol altitude
restrictions based on the determined priority; and

generate control signals to control the one or more
propulsion units such that the UAV 1s operated 1n
compliance with the selected set of altitude restric-
tions.

2. The UAV of claim 1, wherein the one or more sets of
altitude restrictions are received from one or more different
data sources stored onboard or off-board the UAV.

3. The UAV of claim 2, wherein the one or more sets of
different data sources comprise at least one of a user input,
a manufacturer database, or a government database.

4. The UAV of claim 1, wherein the one or more sets of
altitude restrictions are received prior to or during flight of
the UAV.

5. The UAV of claim 1, wherein the one or more proces-
sors are further configured to:

receive elevation or map information for an area around

the current location of the UAV; and

modily the selected set of altitude restrictions using the

clevation or map information.

6. The UAV of claim 5, wherein the selected set of altitude
restrictions comprises at least one of a maximum altitude
limit or a minimum altitude limait.

7. The UAV of claim 6, wherein modifying the selected
set of altitude restrictions comprises 1ncreasing or decreas-
ing the maximum altitude limit or the minimum altitude
limut.

8. The UAV of claim 1, wherein the one or more proces-
sors are further configured to:

receive altitude information from an altitude sensor

coupled to the UAV; and

generate a comparison result by comparing the altitude

information with the selected set of altitude restrictions
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10. The UAV of claim 9, wherein the one or more tlight
response measures comprise at least one of:

automatic ascending or descending of the UAV;

automatic landing of the UAV; or

providing an alert or warning to the UAV or an external

device operated by a user to control the UAV.

11. A system for controlling an aerial vehicle, comprising:

one or more processors individually or collectively con-

figured to:

receive one or more sets of altitude restrictions for the
aerial vehicle;

receive location mformation mdicating a current loca-
tion of the aerial vehicle;

determine a priority of the one or more sets of altitude
restrictions by which the aerial vehicle abides based
on the location information;

select a set from the one or more sets of altitude
restrictions based on the determined priority; and

generate control signals to control one or more propul-
sion units of the aerial vehicle such that the aerial
vehicle 1s operated 1n compliance with the selected
set of altitude restrictions.

12. The system of claim 11, wherein the one or more
processors are further configured to:

receive elevation or map information for an area around

the current location of the aerial vehicle; and

modily the selected set of altitude restrictions using the

clevation or map information.

13. The system of claam 11, wherein the one or more
processors are further configured to:

receive altitude information from an altitude sensor

coupled to the aerial vehicle; and

generate a comparison result by comparing the altitude

information with the selected set of altitude restrictions

to determine whether the aerial vehicle 1s operated 1n

compliance with the selected set of altitude restrictions,

wherein the control signals are generated according to

the comparison result to cause the aernial vehicle to
cilect one or more flight response measures.

14. The system of claim 13, wherein the one or more tlight
response measures comprise at least one of:

automatic ascending or descending of the aernial vehicle;

automatic landing of the aerial vehicle; or

providing an alert or warning to the aerial vehicle or an

external device operated by a user to control the aerial
vehicle.

15. The system of claim 14, wherein the alert or warning
comprises at least one of a visual alert, an audio alert, or a
tactile alert.

16. A method of controlling an unmanned aerial vehicle
(UAV), comprising:

recerving, through one or more processors, one or more

sets of altitude restrictions for the UAV, the UAV
comprising a vehicle body, one or more propulsion
units coupled to the vehicle body and configured to

eflect movement of the UAV, and the one or more
processors coupled to the one or more propulsion units;
recerving, through the one or more processors, location
information indicating a current location of the UAV;
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determining, through the one or more processors, a pri-
ority of the one or more sets of altitude restrictions by
which the UAV abides based on the location informa-
tion;
selecting, through the one or more processors, a set from
the one or more sets of altitude restrictions based on the
determined priority; and
generating, through the one or more processors, control
signals to control the one or more propulsion units such
that the UAV 1s operated in compliance with the
selected set of altitude restrictions.
17. The method of claim 16, further comprising;
receiving elevation or map imformation for an area around
the current location of the UAV; and
moditying the selected set of altitude restrictions using the
clevation or map information.
18. The method of claim 17, wherein the selected set of
altitude restrictions comprises at least one of a maximum
altitude limit or a minimum altitude limit, and modifying the
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selected set of altitude restrictions comprises 1ncreasing or
decreasing the maximum altitude limit or the minimum

altitude limit.

19. The method of claim 16, further comprising:

recerving altitude information from an altitude sensor
coupled to the UAV; and

generating a comparison result by comparing the altitude
information with the selected set of altitude restrictions

to determine whether the UAV 1s operated in compli-
ance with the selected set of altitude restrictions,

wherein the control signals are generated according to
the comparison result to cause the UAV to eflect one or
more flight response measures.

20. The method of claim 19, wherein the one or more

tflight response measures comprise at least one of:

automatic ascending or descending of the UAV;

automatic landing of the UAV; or

providing an alert or warning to the UAV or an external
device operated by a user to control the UAV.
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